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(54) EXPOSURE METHOD, ALIGNER, AND DEVICE PRODUCTION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To offer an exposure technology 
which prevents vibration transfer between a stage holding a mask 
and a projection optical system, and can control the positional 
relations between the mask and projection optical system. 
SOLUTION: A micromotion stage 31 which holds a reticle R and 
moves, and a projection optical system PL are independently 
supported with different active vibration isolation stands. A reticle 
X-Z axis interferometer 35 measures the amount of change in the 
space between the top face of a moving mirror 64 secured on the 
micromotion stage 31 and the top face of a reference mirror 65X 
secured on the side of the projection optical system PL at three 
points, and determines the amount of change from these 
measurement results in the space between the micromotion stage 
31 (reticle R) and the projection optical system PL as well as the 
rotation inclination angle of two axes of the micromotion stage 31. 
Based on these results, the height and inclination angle of the 
micromotion stage 31 are controlled. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the exposure approach which illuminates the 1st body with an exposure beam and exposes 
the 2nd body through said 1st body and a projection system Independently of said projection system, 
support the stage holding said 1st body, and the physical relationship of said stage and said projection 
system is measured. The exposure approach characterized by controlling at least one of spacing of said 
stage and said projection system, and the tilt angles during exposure of said 2nd body based on this 
measurement information. 

[Claim 2] The exposure approach according to claim 1 characterized by measuring the biaxial surrounding 
tilt angle with which it intersects perpendicularly within a flat surface perpendicular to the location and 
this optical axis of the direction of an optical axis of said projection system to said projection system of 
said stage in case the physical relationship of said stage and said projection system is measured. 
[Claim 3] The exposure approach according to claim 1 or 2 characterized by controlling fluctuation of the 
physical relationship by the unbalanced load accompanying migration of said stage in case at least one of 
spacing of said stage and said projection system and the tilt angles is controlled, while scanning said 1st 
body and said 2nd body synchronously to said projection system, in case said 2nd body is exposed. 
[Claim 4] In the aligner which illuminates the 1st body with an exposure beam and exposes the 2nd body 
through said 1st body and a projection system The stage holding said 1st body, and the vibrationproofing 
device of an active mold in which said projection system supports this stage independently, The aligner 
characterized by having the metering device which measures the physical relationship of said stage and 
said projection system, and the control system which controls at least one of spacing of said stage and 
said projection system, and the tilt angles through said vibrationproofing device based on the 
measurement information on this metering device during exposure of said 2nd body. 
[Claim 5] While interlocking said stage to the coarse adjustment stage driven in the predetermined 
direction to said projection system, and this coarse adjustment stage The jogging device in which the 
relative position of said stage to said coarse adjustment stage is adjusted, The aligner according to claim 
4 characterized by scanning said 1st body and said 2nd body synchronously to said projection system in 
case it has a balance member for offsetting the reaction force at the time of driving said coarse 
adjustment stage and said 2nd body is exposed. 

[Claim 6] Said coarse adjustment stage is an aligner according to claim 5 characterized by being 
supported independently of said stage and said projection system. 

[Claim 7] Said control system is an aligner according to claim 5 or 6 characterized by controlling 
fluctuation of the physical relationship by the unbalanced load accompanying migration of said stage in 
case at least one of spacing of said stage and said projection system and the tilt angles is controlled 
through said vibrationproofing device. 

[Claim 8] Said metering device is an aligner given in any 1 term of claims 4-7 characterized by to have 
the interferometer for spacing measurement which measures spacing of the direction of an optical axis of 
said projection system of the migration mirror in which the location of a direction perpendicular to the 
scanning direction of said 1st body held on said stage is shown, the reference mirror formed in said 
projection system, and said migration mirror and said reference mirror with one or more measurement 
shafts. 

[Claim 9] The interferometer for spacing measurement of said metering device is an aligner according to 



claim 8 which has at least three measurement shafts and is characterized by asking for the biaxial 
surrounding tilt angle with which it intersects perpendicularly within a flat surface perpendicular to the 
location and this optical axis of the direction of an optical axis of said projection system to said projection 
system of said stage based on the measurement information on said interferometer. 
[Claim 10] The aligner according to claim 8 or 9 characterized by a part of optical system of the 
interferometer for said spacing measurement being supported by the supporter material which supports 
said projection system. 

[Claim 11] In the aligner which illuminates the 1st body with an exposure beam and exposes the 2nd body 
through said 1st body and a projection system The 1st stage holding said 1st body, the 2nd stage holding 
said 2nd body, and in order to displace relatively said 1st and 2nd bodies to said exposure beam, 
respectively and to carry out scan exposure of said 2nd body with said exposure beam The driving gear 
which synchronizes and drives said 1st and 2nd stages, and the 1st and 2nd datum planes which extend 
along the predetermined direction where said 1st body is moved at the time of said scan exposure are 
formed in said 1st stage. While measuring the positional information of said 1st stage about said 
predetermined direction and the direction which intersects perpendicularly using said 1st datum plane The 
metering device which measures the physical relationship of said 1st stage about the direction of an 
optical axis of said projection system, and said projection system using said 2nd datum plane, The aligner 
characterized by having the adjusting device which adjusts the physical relationship of the image surface 
of said projection system, and said 2nd body during said scan exposure based on the measurement 
information on said metering device. 

[Claim 12] It is the aligner according to claim 11 which said metering device has the interferometer 
systems which irradiate the beam for measurement, respectively in said 1st and 2nd datum planes, and is 
characterized by said interferometer systems measuring the physical relationship of said 1st stage and 
said projection system with two or more measurement shafts, respectively. 

[Claim 13] Said interferometer systems are aligners according to claim 12 characterized by asking for the 
biaxial surroundings tilt angle which has at least three measurement shafts and intersects perpendicularly 
based on the measurement information on said interferometer systems in a flat surface perpendicular to 
the relative position of the direction of an optical axis of said 1st stage and said projection system, and 
the optical axis of said projection system. 

[Claim 14] Said interferometer systems are aligners according to claim 12 or 13 characterized by 
preparing the optical system along which the beam for measurement irradiated by said 2nd datum plane at 
least passes in the supporter material which supports said projection system. 

[Claim 15] For said coarse adjustment stage and said jogging stage, said 1st stage is an aligner given in 
any 1 term of claims 11-14 characterized by being supported mutually-independent including the coarse 
adjustment stage driven in said predetermined direction, and the jogging stage which said 1st body is laid 
and is displaced relatively to said coarse adjustment stage. 

[Claim 16] Said coarse adjustment stage is an aligner according to claim 15 characterized by being 
supported independently of said projection system so that the propagation of vibration to said projection 
system may be prevented. 

[Claim 17] Said adjusting device is an aligner given in any 1 term of claims 11-16 characterized by 
controlling the physical relationship of said jogging stage and said projection system through said 
vibrationproofing device based on said measurement information during said scan exposure including the 
vibrationproofing device of the active mold which supports said jogging stage. 

[Claim 18] The device manufacture approach including the process which imprints a device pattern on a 
work piece using the aligner of a publication in any 1 term of claims 4-17. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the exposure approach and equipment which are used in 
case a mask pattern is imprinted on a substrate at the lithography process for manufacturing devices, 
such as a semiconductor device, a liquid crystal display component, a plasma display component, or the 
thin film magnetic head. 

[0002] . . 

[Description of the Prior Art] The high throughput is demanded of the aligner of a contraction projection 
mold with a high exposure precision with the one-shot exposure mold (stepper mold) used in case a 
semiconductor device etc. is manufactured, or scan exposure molds (step - - scanning method, etc.). 
Therefore, in the aligner, the device in which respectively highly precise positioning and high-speed 
migration can be performed is adopted as the reticle stage system which holds the reticle as a mask and 
performs positioning or a scan, and the wafer stage system which holds the wafer as a substrate and 
carries out two-dimensional migration. For example, in the aligner of a scan exposure mold, in order to 
mitigate the effect of the vibration accompanying migration of the moving part of a stage system, the 
drive of the counterbalance method which moves a fixed part to hard flow so that the reaction force at 
the time of the moving part moving may be offset, the drive of the method which misses the reaction 
force at the time of the moving part moving to the floor in which the aligner is installed, etc. are 
developed. 

[0003] Thus, even if it uses the drive of a counterbalance method or the method which misses reaction 
force to the floor, there is a possibility that reaction force may remain slightly. Moreover, a possibility of 
attaining to the body of an aligner also has the influence of vibration from the air conditioner currently 
installed in other manufacturing installations currently installed in the same story, for example within the 
semi-conductor plant, or downstairs machine room. Then, while attenuating the vibration from the outside, 
the conventional aligner was installed through the vibrationproofing base as a whole on the floor line so 
that vibration generated by the stage system might not be transmitted outside. 
[0004] 

[Problem(s) to be Solved by the Invention] When installing an aligner in a floor line through a 
vibrationproofing base as a whole like the above, transfer of vibration between an aligner and other 
equipments can be prevented. However, when vibration which remains between the reticle stage systems 
and wafer stage systems which synchronize mutually and are especially driven in the aligner of a scan 
exposure mold is transmitted mutually, there is a possibility that the synchronization error of a stage 
system may exceed tolerance. Moreover, when vibration which remains by the reticle stage system or the 
wafer stage system gets across to projection optics, there is also a possibility that the resolution and 
superposition precision of a projection image may fall. 

[0005] It is desirable to make it not tell vibration which remains from a reticle stage system especially to 
projection optics as much as possible in the aligner of a contraction projection method, since the scan 
speed at the time of scan exposure becomes and the direction of a reticle stage system becomes 
[ migration length ] long compared with a wafer stage system. Moreover, it is F2 of short wavelength more 
nearly further than ArF excimer laser as an exposure light from now on. Although use of laser (wavelength 
of 157nm) etc. is also considered, to use such a vacuum-ultraviolet light (VUV light), it is necessary to 



supply purge gas, such as gaseous helium which removed impurities, such as organic system gas, highly to 
the optical path of exposure light. Consequently, piping, a cable, etc. which are connected with the sealed 
cabin surrounding a reticle stage system increase, and the vibration from a control system etc. 
propagation-comes to be easy to projection optics through a reticle stage system. Therefore, propagation 
is expected development of a pile device for vibration between a reticle stage system and projection 
optics. 

[0006] Moreover, when supporting the moving part which holds the reticle of a reticle stage system and 
moves on a base member through a pneumatic bearing, since [ that a scan speed is quick ] migration 
length is long, by the reticle stage system, there is also a possibility that the height (thickness of a gas 
layer) of the moving part may change with unbalanced loads etc. slightly during scan exposure. Thus, when 
the height of moving part changes, spacing of a reticle and projection optics will change, defocusing will 
arise in a projection image, and resolution will fall. Even if vibration faces developing a pile device to 
propagation between a reticle stage system and projection optics about this, it is desirable to have the 
device in which degradation of the projection image by change of spacing of a reticle and projection optics 
is prevented. 

[0007] This invention sets it as the 1st purpose that vibration provides propagation with a pile exposure 
technique between the stage systems and projection optics holding a mask in view of this point. 
Moreover, this invention sets it as the 2nd purpose to offer the exposure technique which can control the 
physical relationship of the image surface of projection optics, and an exposed substrate in the 
predetermined condition. Furthermore, this invention sets it as the 3rd purpose to offer the exposure 
technique which can control the physical relationship of the image surface of projection optics, and an 
exposed substrate in the predetermined condition, also when the location of the moving part which holds 
a mask and moves when it applies to the aligner of a scan exposure mold changes. 

[0008] Furthermore, when it applies to the aligner of a scan exposure mold, this invention sets it as the 
4th purpose to offer the exposure technique in which the image formation condition of the pattern image 
projected by projection optics on a substrate is maintainable good, even if the location of the moving part 
which holds a mask and moves changes. 
[0009] 

[Means for Solving the Problem] In the exposure approach which the 1st exposure approach by this 
invention illuminates the 1st body (R) with an exposure beam, and exposes the 2nd body (W1, W2) through 
the 1st body and a projection system (PL) That projection system supports the stage (31) holding that 
1st body independently, the physical relationship of that stage and its projection system is measured, and 
at least one of spacing of that stage and its projection system and the tilt angles is controlled during 
exposure of that 2nd body based on this measurement information. 

[0010] According to this this invention, the stage holding the 1st body and its projection system are 
supported mutually-independent. That is, in case the stage and its projection system drive the mask, 
vibration generated on the stage propagation-comes to be hard of a system in the projection system, 
when the 1st body is a mask since it is supported through a mutually different vibration isolator to a 
predetermined support device, for example. Thus, if the stage and its projection system are supported 
mutually-independent, the physical relationship of the stage (1st body) and its projection system will 
become easy to change. So, in this invention, the physical relationship of that stage and its projection 
system is measured, and the physical relationship of that stage and its projection system is maintained in 
the predetermined condition as an example based on this measurement result. Since the exposure side of 
the 2nd body can be focused to the image surface of the projection system, the image formation 
properties (resolution etc.) of the projection image imprinted on the 2nd body are always highly 
maintainable with this. 

[0011] In this invention, in case the physical relationship of that stage and its projection system is 
measured, it is desirable to measure the location of the direction of an optical axis of that projection 
system to that projection system of that stage and the biaxial surrounding tilt angle (relative displacement 
of three degrees of freedom) with which it intersects perpendicularly within a flat surface perpendicular to 
this optical axis. The degree of freedom of the physical relationship of the stage and its projection system 
is 6, and since the stage performs the two-dimensional migration and the rotation (relative displacement 
of three degrees of freedom) for positioning or a scan during exposure in a field perpendicular to the 
optical axis of the projection system as an example, it can acquire the perfect information for amending 



the physical relationship of the stage and its projection system by measuring the relative displacement of 
the three remaining degrees of freedom. 

[001 2] In this case, it is desirable to control so that spacing and the tilt angle of that stage and its 
projection system are maintained by the predetermined condition based on that measurement information. 
The image formation property of a projection image is maintainable in the best condition with this. 
Moreover, in case the 2nd exposure approach by this invention exposes the 2nd body, while it 
synchronizes and scans the 1st body and its 2nd body to the projection system in the 1st exposure 
approach In case at least one of spacing of the stage and its projection system and the tilt angles is 
controlled, fluctuation of the physical relationship by the unbalanced load accompanying migration of the 
stage is controlled. 

[0013] This applies this invention, when exposing by the scan exposure method. According to this 
invention, the stage and its projection system have a possibility that the physical relationship of the stage 
(1st body) and its projection system may change, when the stage moves at the time of scan exposure and 
change of the center-of-gravity location to the support devices (vibration isolator etc.) of the stage, i.e., 
an unbalanced load, arises, since it is supported mutually-independent. Then, based on the measurement 
information on the physical relationship of the stage and its projection system, scan exposure can be 
performed in an always good image formation property by returning the physical relationship to a 
predetermined condition. 

[0014] Next, the 1st aligner by this invention illuminates the 1st body (R) with an exposure beam, and sets 
it to the aligner which exposes the 2nd body (W1, W2) through the 1st body and a projection system (PL). 
The vibrationproofing device of an active mold in which that projection system supports independently the 
stage (31) holding that 1st body, and this stage (8), The metering device which measures the physical 
relationship of the stage and its projection system (64, 65X, 35, 66), It has the control system (85) which 
controls at least one of spacing of that stage and its projection system, and the tilt angles through that 
vibrationproofing device based on the measurement information on this metering device during exposure 
of that 2nd body. 

[0015] According to this this invention, the exposure approach of this invention can be used by controlling 
the vibrationproofing device based on the measurement information on the metering device, so that the 
physical relationship of the stage and its projection system is maintained by the predetermined condition. 
Therefore, vibration cannot be easily transmitted between the stage and its projection system, and an 
always good image formation property is acquired. Moreover, while the 2nd aligner of this invention 
interlocks that stage in that 1st aligner to the coarse adjustment stage (33) driven in the predetermined 
direction to that projection system, and this coarse adjustment stage The jogging device in which the 
relative position of the stage to the coarse adjustment stage is adjusted (58X, 58YA, 58YB), In case it has 
a balance member (32) for offsetting the reaction force at the time of driving the coarse adjustment stage 
and the 2nd body is exposed, the 1st body and its 2nd body are synchronously scanned to the projection 
system. 

[0016] This applies this invention to the aligner of a scan exposure mold. According to this invention, the 
stage can be substantially scanned, for example by non-contact by the coarse adjustment stage at 
constant speed. Moreover, the vibration at the time of driving the coarse adjustment stage by the balance 
member is controlled. In this case, as for that coarse adjustment stage, it is desirable to be supported 
independently of that stage and its projection system. Since vibration which remains by this in case the 
coarse adjustment stage is driven propagation-comes to be hard in the stage (the 1st body) and a 
projection system, a still higher image formation property is acquired. 

[0017] Moreover, in case the control system controls at least one of spacing of the stage and its 
projection system, and the tilt angles through the vibrationproofing device, it is desirable to control 
fluctuation of the physical relationship by the unbalanced load accompanying migration of the stage. Even 
if the stage moves at the time of scan exposure, an image formation property is highly maintained by this. 
Moreover, the migration mirror in which the location of the direction (non-scanning direction) where the 
metering device is perpendicular to the scanning direction of the 1st body held on the stage (31) as an 
example is shown (64), It has the interferometer for spacing measurement (35 66) which measures 
spacing of the direction of an optical axis (Z direction) of the projection system of the reference mirror 
(65X) formed in the projection system, and its migration mirror and its reference mirror with one or more 
measurement shafts. 



[0018] In this case, that migration mirror (64) can measure that spacing, without preparing a measuring 
machine style in that stage (31) separately, since it can be made to serve a double purpose with the 
interferometer for location measurement of that non-scanning direction, and the interferometer for that 
spacing measurement. Moreover, as for the interferometer for spacing measurement of the metering 
device, it is desirable to have at least three measurement shafts. By this, it can ask for the location of the 
direction of an optical axis of that projection system to that projection system of that stage, and the 
biaxial surrounding tilt angle (relative displacement of three degrees of freedom) with which it intersects 
perpendicularly within a flat surface perpendicular to this optical axis based on the measurement 
information on that interferometer, without enlarging that interferometer not much. 

[0019] Moreover, it is desirable for a part of optical system (67 66) of the interferometer for the spacing 
measurement to be supported by the supporter material (11, 12, 13) which supports the projection 
system. By this, the configuration by the side of the stage system for the 1st body can be simplified. 
Next, the 3rd aligner by this invention illuminates the 1st body (R) with an exposure beam, and sets it to 
the aligner which exposes the 2nd body (W1, W2) through the 1st body and a projection system (PL). The 
1st stage (31) holding the 1st body, and the 2nd stage holding the 2nd body (43A, 43B), In order to 
displace relatively the 1st and 2nd bodies to the exposure beam, respectively and to carry out scan 
exposure of the 2nd body with the exposure beam The driving gear which synchronizes and drives the 1st 
and 2nd stages (82 83), The 1st and 2nd datum planes (64) which extend along the predetermined 
direction where the 1st body is moved at the time of the scan exposure are formed in the 1st stage. While 
measuring the positional information of the 1st stage about the predetermined direction and the direction 
which intersects perpendicularly using the 1st datum plane The metering device which measures the 
physical relationship of the 1st stage about the direction of an optical axis of the projection system, and 
its projection system using the 2nd datum plane (35 66). it has the adjusting device (8A-8C;43A, 43B) 
which adjusts the physical relationship of the image surface and the 2nd body of the projection system 
during the scan exposure based on the measurement information on the metering device. 
[0020] According to this this invention, even when the physical relationship of the 1st stage and its 
projection system changes by controlling the adjusting device based on the measurement information on 
the metering device so that the exposure side of the 2nd body may focus to the image surface of the 
projection system, the exposure side of the 2nd body can be focused to the image surface of the 
projection system. Therefore, an always good image formation property is acquired on the 2nd body. 
[0021] In this case, that metering device has the interferometer systems which irradiate the beam for 
measurement as an example in those 1st and 2nd datum planes, respectively, and those interferometer 
systems measure the physical relationship of that 1st stage and its projection system with two or more 
measurement shafts, respectively. By the interferometer systems, the physical relationship of the 1st 
stage and its projection system can be measured with high precision, without complicating the structure 
of the 1 st stage. 

[0022] Moreover, as for the interferometer systems, it is desirable to ask for the biaxial surroundings tilt 
angle which has at least three measurement shafts and intersects perpendicularly based on the 
measurement information on the interferometer systems in a flat surface perpendicular to the relative 
position and the optical axis of a projection system of the direction of an optical axis of the 1st stage and 
its projection system. All physical relationship required in order to maintain a good image formation 
property by this can be measured. 

[0023] Moreover, as for the interferometer systems, it is desirable to prepare the optical system along 
which the beam for measurement irradiated by the 2nd datum plane at least passes in the supporter 
material (13) which supports the projection system. The physical relationship of the projection system and 
its 1st stage is measurable with high precision with this. Moreover, the coarse adjustment stage and its 
jogging stage are supported mutually-independent as an example including the coarse adjustment stage 
(33) which drives the 1st stage in the predetermined direction, and the jogging stage (31) where the 1st 
body is laid and is displaced relatively to the coarse adjustment stage. Even if vibration of that coarse 
adjustment stage propagation-comes to be hard on that jogging stage and carries out the high-speed 
drive of that coarse adjustment stage by this configuration at the time of scan exposure, the effect of 
vibration is controlled. 

[0024] Moreover, as for the coarse adjustment stage, it is desirable to be supported independently of the 
projection system so that the propagation of vibration to the projection system may be prevented. Even if 



it carries out the high-speed drive of the coarse adjustment stage, the effect of vibration in the projection 
system is controlled by this. Moreover, as for the adjusting device, it is desirable to control the physical 
relationship of the jogging stage and its projection system through the vibrationproofing device based on 
the measurement information including the vibrationproofing device (8A-8C) of the active mold which 
supports the jogging stage during the scan exposure. By this, even when the physical relationship of the 
jogging stage and its projection system changes comparatively a lot, the exposure side of the 2nd body 
can be focused with high precision to the image surface of the projection system. 
[0025] Moreover, the adjusting device may be the focus device in which it is included in the 2nd stage 
(43A, 43B), and focusing and leveling of the 2nd body are performed. The adjusting device can be 
simplified by this. Next, the device manufacture approach of this invention includes the process which 
imprints a device pattern (R) on a work piece (W1, W2) using which aligner of above-mentioned this 
invention. Since an image formation property is highly maintained while a projection system is held by this 
invention at stability, the highly efficient device excellent in superposition precision, pattern fidelity (line 
breadth precision etc.), etc. can be manufactured. 
[0026] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per example of the 
gestalt of operation of this invention. This example applies this invention, when exposing with the 
projection aligner of the scan exposure method which consists of step - and a - scanning method. 
Drawing 1 shows the projection aligner of this example, and the projection a ligner of thi s example i s 
installed in the clean room on the floor 1 of a semiconductor device plant as an exa mple in this drawing 1 
</A> . First, by this e xample, the ArF excimer laser which generates pulsed light with a wavel ength of 
193nm which is va cuum- ultraviolet light ( VUV light ) substantially i s use d as the exposure light source_,17 
of the projection aligner, ifiaddjtlo^ inventio n is F2 of short w avelength further also at a vacuum 
ultra violet area as an e x posure beam. It is suitab l e also when using laser (wavelength of 157nm). 
fyilhejTn ore — as an exposure beam — Kr2 Laser (wavelength of 146nm ) . and Ar2 it is like laser 
(wavelen gth o f 126nm) — th e lig ht from the vacuum -ultraviolet light of short ^ an YAG l aser, 

the higher -harmonic g enera tor of semiconductor laser, the higher-ha rmonic genera tor of semicon ductor 
laser, etc. can also be used mo re. 

[QQ27] Incidence of the exposure l ig ht IL as an exposure beam injected from the exposu re li ght source 17 
at th e time of ex pos ure is carried ou t to the 1s t iliumination sy stem IL 1 in the 1st subchamber 19 
t hrough the be am ma tching unit (B MU) 18. The 1 st il luminatio n sy stem IL 1 con sists of optical in tegrators 
(t he YUNIFO mjzeror homogenized quantit y of li ght monitors, adjustable aperture diaphragms, relay lens 
systems , etc. an optical unit including beam plastic s ur gery optical syste m , zoom optical system, et c.. and 
for illumina nce distribution e qualization. Wjth_the pattern side (reticle side) of the .reticle as a mask with 
which th e Inje ction side of the 1s t illumination system IL 1 serves as the illuminated body, (the 1st body), 
it is conjugation mostly and the m ov able field diaphragm 20 is arranged in this injection sid e. 
[0028] In addition, the above-mentioned o ptical unit contains at least one movable prism (cone prism or 
polyhedron prism) and the dif fracted-li g ht study compon ent of the nu mber of** arranged exchangeable in 
the 1st illu mination sy stem IL 1 in accordance w ith the o ptical axis o f the 1st illumination 
besides zoom optical system while being arranged rather than an optical inte grato r within the 1st 
illumination system IL 1 at a light sou rce side. In this case, that optical unit makes adjustable the intensity 
distributio n of the ex posure light IL on tha t plane of i ncidence , when t hat pptic^Megr^ 
lens, and when that optical in tegrator is in ternal reflection mold integrators (rod integrator etc.) , it makes 
the range ad ju stable whenever [ incident angle / of the ex po sure light IL to that pla ne of incidence ]. It is 
possible to suppres s the quantity of li ght loss a ccompanying modification of lighting conditions b y this, 
while being ab le to chang e qua ntity of light distributi on.^ of th e 

se^oj^ryjight source) of the exposur e li ght IL on the lighting condition s of Reticle R^i^,jyTe jjupjj 
sur face of the 1st an d 2nd illumination syste ms IL1 and IL2. into arbitration. ' 

[0029] The movable field diaphragm 20 plavs the role w hi ch opens and closes a visual field so that an y 
patter ns other tha n an original circuit pattern may not be exposed at the tjm^_on 
exjDOSure to each sh ot fie ld of the wafer as a,^ body (the 2nd bod y), and 

termination. Fu rthermore, in adv a nce of scan exposure, acco r ding to the magnitude ab out the non- 
scanning direction of th e circuit pattern for an imp rint the movable fie ld diaphragm 20 is constitut ed also 
s o that the w idth of face of the non- scanning direction of t he visua l field can be changed. Th us, with th e 



exposure body sect ion, since the 1st illumination system IL 1 b y whi ch the movable field diaphragm 20 
w hich has a possibility of generating vibration, a t the time of clos ing motion^oLa, ^d^tUteJ^iliS-l^Bfin 
arranged is sup ported as another object, its expos ure precision (superposition precision^ 
etc.) in the exposure body section improves. 

[0030] Incidence of t he exposure light IL which passed the mo v able field diaphragm 20 is carried out to 
the 2 nd illumination syst em IL 2 in the 2nd subc hamber 15 attached in the ^ predeterm^ 
after-mentioned). Only ^this fixed fiel d diaphragm 2 1 is in stalled in th e exterior of the „^ 
for the 2nd illumination system IL 2 inclu ding the mirror, condensing lens system, and the fixed fiejd 
diaphragm 21 for a relay lens system and optical-path bend ing. The exposure light IL which passed th e 
2nd illumination system IL 2 illuminates the li ghtin g field of the p attern side ^ 

as a mask The fixe d field di aphragm 21 of this exam ple is bejngL.fixed,to section 2 3 

by which the reticle alignment microscope (un-illustrating) for performin g alignm ent of Reticle R is 

arrange d. That is. the fixed field dia phragm 21 is arranged on the top face close to Reticle R, i.e., the field 

whjch defocused only t he specifi ed quantit y fro m the reticle SLde^ Oj^inKfor^^ 

in a reticle side to the field of the s hape of a slit long and slender to the non-scann ing direction whjch 

intersects perpen d icularly with a scanning direction is forme d in the fixed field diaphragm 21. In addit ion, 

the fixed field diaph rag m 21 mav be arranged near f near the co nju g ation side with a ret icle side (for 

example, the installation side of the movable field dia phragm 20) ],. 

[0031] Under the exposu re light IL . through the projection optic s PL, .as^a prpjejsti 

the pattern in the lightin g field of Reticle R is the projection scale factor beta ( b eta is 1/4 time or 1/5 
time), and is projected on the exposure field of the shape of a slit on the wafer W1 (or W2) wi th which the 
Rhotojresislas a sensitization sub strate (exposed su^^^ Thejjatte rn image. of JtetjcleJR 

is imprinted by one shot field on a wafer W1 by carry ing out the synchro nized drive of the prpjection^ 
factor bet a to a predetermined scanning direction i n this condition by making Reticle R and a wafer W1_ 
into a velocity ratia Reticle R and wafers W1 and W2 ar e eq uivalent to the 1st body and the 2nd bod y of 
this invention , respecti vely, and wafers W1 and W2 are dis c-ljke sub^ra±es,^ych as semi-conductors 
(^ c ^P_eto.)_or_SO I (silicon oninsulat or). 

[0032] As projection optics PL, it is an international public presentation official report (WO), for example. 
00/39623 In accordance with one optical axis, the reflective refractive media of the straight cylinder mold 
constituted by arranging two or more dioptric lenses and two concave mirrors which have opening near 
the optical axis, respectively, the refractive media of the straight cylinder mold constituted by arranging a 
dioptric lens in accordance with one optical axis, etc. can be used as indicated. Furthermore, the 
reflective refractive media which have the optical axis which bent in the V character mold as projection 
optics PL, congruence telescopic reflective refractive media, etc. may be used. The Z-axis is taken in 
parallel with the optical axis AX of projection optics PL hereafter, the X-axis is taken along the non- 
scanning direction (namely, direction perpendicular to the space of drawing 1 ) which intersects 
perpendicularly with the reticle R at the time of scan exposure, and the scanning direction of wafers W1 
and W2 in a flat surface (it has agreed in the horizontal plane mostly in this example) perpendicular to the 
Z-axis, and a Y-axis is taken and explained along the scanning direction (namely, direction parallel to the 
space of drawing 1 ). 

[0033] First, it explains per configuration of the whole exposure body section containing the wafer stage 
system which supports the reticle stage system, the projection optics PL, and the wafers W1 and W2 
which support the reticle R of this example. Namely, the rectangular plate-like frame axle-pin rake 2 is 
mostly installed on a floor 1. The cylinder-like body supporter 3 is mostly installed, respectively in three 
corresponding to the top-most vertices of an equilateral triangle of the periphery of the frame axle-pin 
rake 2. The zona-orbicularis-like base 5 of a body is laid in the top face of three body supporters 3 
through the active mold vibrationproofing base 4, and the plate-like reticle stage susceptor 7 is installed 
through three columns 6 on the base 5 of a body. On the base 5 of a body, displacement sensors (un- 
illustrating), such as level of an electric type or an optical tilt-angle detector, are installed. The 
mechanical damper with which three active mold vibrationproofing bases 4 bear the amounts of Oshige, 
such as the Ayr damper or a hydraulic damper, respectively, So that the tilt angle to the horizontal plane 
of the base 5 of a body detected by the displacement sensor as an example may be settled in tolerance 
including the electromagnetic damper which consists of electromagnetic actuators, such as a voice coil 
motor The electromagnetic damper in three active mold vibrationproofing bases 4 drives, and pneumatic 



pressure or oil pressure of a mechanical damper etc. is controlled if needed. In this case, with a 
mechanical damper, before vibration of the high frequency from a floor gets across to the exposure body 
section, it is decreased, and vibration of an extant low frequency is decreased with an electromagnetic 
damper. 

[0034] The jogging stage susceptor 9 as plate-like supporter material is laid in the top face of the reticle 
stage susceptor 7 through three active mold vibrationproofing bases 8 in which it is located mostly at the 
top-most vertices of two equilateral triangles long and slender to the scanning direction of a reticle, and 
opening for passing the exposure light IL, respectively is formed in the center section of the reticle stage 
susceptor 7 and the jogging stage susceptor 9. The active mold vibrationproofing base 8 is the same 
configuration as the active mold vibrationproofing base 4 (however, load-proof nature is set up lower than 
the active mold vibrationproofing base 4), and three active mold vibrationproofing bases 8 are controlled 
so that spacing and the tilt angle of Reticle R and projection optics PL maintain a predetermined 
condition like the after-mentioned. The top face of the jogging stage susceptor 9 is processed on the 
very good guide side of flatness, the jogging stage 31 as a stage (movable stage) of this invention is 
smoothly laid in this guide side free [ sliding] two-dimensional through a pneumatic bearing, and Reticle R 
is held by vacuum adsorption etc. on the jogging stage 31. Opening for passing the exposure light IL is 
formed also in the center section of the jogging stage 31. 

[0035] Furthermore, the reticle alignment section 23 is fixed to the edge of the reticle stage susceptor 7, 
and the reticle alignment microscope (un-illustrating) and the fixed field diaphragm 21 are attached in the 
reticle alignment section 23 as mentioned above. Moreover, along with a Y-axis, the reticle Y-axis guide 
member 32 is arranged in parallel with the jogging stage susceptor 9 on the reticle stage susceptor 7, the 
coarse adjustment stage 33 is arranged so that it may drive by the counterbalance method with a linear 
motor in the direction of Y to the reticle Y-axis guide member 32, and the coarse adjustment stage 33 
and the jogging stage 31 are connected through the actuator (detail after-mentioned) of three non- 
contact methods. While the jogging stage 31 is interlocked with the coarse adjustment stage 33 and 
driving it with constant speed in the **Y direction, the minute amount drive of it is carried out to the 
coarse adjustment stage 33 in the direction of X, the direction of Y, and a hand of cut if needed by the 
actuator. The two-dimensional location and two-dimensional angle of rotation of the jogging stage 31 are 
measured on the basis of projection optics PL by the reticle Y-axis interferometer 34 and the reticle X- 
Z-axis interferometer (refer to drawin g 3 ), and the location and rate of the coarse adjustment stage 33 
and the jogging stage 31 are controlled based on this measurement information. 

[0036] The reticle stage system RST is constituted from the jogging stage susceptor 9, the jogging stage 
31, the reticle Y-axis guide member 32, the coarse adjustment stages 33, these drives, etc. by this 
example. This reticle stage system RST is covered with the reticle room (un-illustrating) as a sealed 
cabin. Although the reticle stage system RST of this example is a single holder method, it is good also as 
a double holder method which holds the reticle of two sheets for the reticle stage system RST at one set 
Cogging stage 31) of a movable stage, and good also as a double reticle stage method which lays the 
reticle of two sheets on a mutually-independent movable stage. 

[0037] Moreover, the interface column 16 is installed so that the frame axle-pin rake 2 may be adjoined 
on a floor 1, and the reticle loader system RL and the wafer loader system WL are installed in the upper 
part and the lower part in the interface column 16, respectively. On the reticle stage susceptor 7, the 
reticle rotation delivery section 22 which holds a reticle temporarily while adjusting an angle of rotation is 
also installed, and the reticle for an imprint is received and passed between the reticle loader system RL 
and the jogging stage 31 through the reticle rotation delivery section 22. 

[0038] next, the top face of the base 5 of a body — the inside of three columns 6 — three active mold 
vibrationproofing bases 10 are mostly installed in the location of the top-most vertices of an equilateral 
triangle, the cylinder-like projection system attaching part 1 1 is laid through a flange on these three 
active mold vibrationproofing bases 10, and projection optics PL is held in the center of the projection 
system attaching part 11. The active mold vibrationproofing base 10 is the same configuration as the 
active mold vibrationproofing base 4 (however, load-proof nature is set up lower than the active mold 
vibrationproofing base 4), and displacement sensors (un-illustrating), such as level of an electric type or 
an optical tilt-angle detector, are installed in the top face of the projection system attaching part 11. 
Actuation of three active mold vibrationproofing bases 10 is controlled so that the tilt angle (surrounding 
tilt angle of the biaxial surroundings, i.e., the X-axis, and a Y-axis) to the horizontal plane of the top face 



of the projection system attaching part 1 1 detected by the displacement sensor as an example is settled 
in tolerance. 

[0039] Moreover, the plate-like illumination system susceptor 13 is installed through four columns 12 on 
the projection system attaching part 1 1, and the point of projection optics PL is inserted in opening of the 
center of the illumination system susceptor 13. The 2nd subchamber 15 (the 2nd illumination system IL 2 
is contained) is supported through the cylinder-like illumination system support column 14 by the edge 
near the 1st subchamber 19 on the illumination system susceptor 13. In this case, the point of the 
illumination system susceptor 13 and projection optics PL is contained in crevice 7b prepared in the base 
of the reticle stage susceptor 7, and the illumination system support column 14 is inserted in opening 7c 
prepared in the reticle stage susceptor 7. Moreover, the reticle Y-axis interferometer 34 is mostly 
installed in the illumination system support column 14 and a symmetric position about the optical axis AX 
of the projection optics PL on the illumination system susceptor 13. The reticle Y-axis interferometer 34 
has reached the side face of the jogging stage 31 through 7d of openings prepared in the reticle stage 
susceptor 7, and it is based on the reference mirror (un-illustrating) of the side face of the direction of Y 
of projection optics PL with the reticle Y-axis interferometer 34. The location of the direction (scanning 
direction) of Y of the jogging stage 31 (reticle R), the surrounding angle of rotation (the amount of yawing) 
of the Z-axis, and the surrounding angle of rotation (the amount of pitching) of the X-axis are measured. 
[0040] Moreover, although not illustrated in drawing 1 , on the illumination system susceptor 13, the 
reticle X-Z-axis interferometer (detail after-mentioned) for measuring the surrounding tilt angle of the 
location of the direction of X of the jogging stage 31, the surrounding angle of rotation (the amount of 
rolling) of a Y-axis, spacing of the Z direction of projection optics PL and the jogging stage 31 and the X- 
axis of the jogging stage 31 to a flat surface perpendicular to the optical axis AX of projection optics PL, 
and a Y-axis is also formed. 

[0041] By this example, projection optics PL and the 2nd illumination system IL 2 are supported on the 
common active mold vibrationproofmg base 10 as mentioned above. Therefore, since the relative relation 
of the exposure light and projection optics PL which illuminate a reticle is maintained by the always fixed 
condition, the image formation property of projection optics PL is maintained by stability. Next, in this 
example, one pair of alignment sensors 46A and 46B of the image formation method which consists of a 
FIA (Field Image Alignment) method by the off-axis method so that projection optics PL may be inserted 
into the base of the projection system attaching part 11 in the direction of Y are being fixed. Moreover, 
the automatic focus sensor of the oblique incidence method which consists of incident light study system 
47A for measuring the amount of defocusing to the image surface of the projection optics PL of the front 
face of the wafer for exposure and a tilt angle and light-receiving optical-system 47B is also installed in 
the base of the projection system attaching part 1 1. 

[0042] Next, it explains to a detail per wafer stage system WST of this example. First, the wafer base 42 
as a surface plate (base member) is hung and supported by the base of the base 5 of a body inside the 
body supporter 3 through the two wafer stage hanging sections 41 arranged so that the projection system 
attaching part 11 may be inserted in the direction of Y. The top face of the wafer base 42 is processed on 
the very good guide side of flatness, two wafer stages 43A and 43B are smoothly laid in this guide side for 
the direction of X, and the direction of Y through a pneumatic bearing, enabling free sliding, and the wafers 
W1 and W2 as an exposed substrate are held by vacuum adsorption etc. through the wafer holder (un- 
illustrating), respectively on wafer stage 43A and 43B. 

[0043] The wafer stages 43A and 43B carry out step migration in the direction of X, and the direction of Y 
while carrying out continuation migration in the direction of Y, for example through the drive of a non- 
illustrated linear motor system, respectively. In this case, a counterbalance (un-illustrating) is built in free 
[ migration in the direction of Y ] in the buffer section 44 on the frame axle-pin rake 2, and the wafer 
stages 43A and 43B are connected with this counterbalance through the link mechanism. The reaction 
force at the time of driving the wafer stages 43A and 43B in the direction of Y is mostly offset by the 
buffer section 44, and generating of vibration is controlled. Furthermore, while carrying out the minute 
drive of the wafers W1 and W2 with three degrees of freedom of the direction of X, the direction of Y, and 
the surrounding hand of cut of the Z-axis, respectively, in order to perform leveling and focusing, the 
sample base for driving a wafer W1 with three degrees of freedom of the variation rate of a Z direction 
and the tilt angle around biaxial (namely, surroundings of the X-axis and a Y-axis) is built into the interior 
of the wafer stages 43A and 43B. 



[0044] The wafer stage system WST of a double wafer stage method (or twin stage method) is 
constituted from the wafer base 42, the wafer stages 43A and 43B, and these drives by this example. With 
this configuration, since the 2nd wafer stage 43B side can perform exchange of a wafer W2 and alignment, 
for example during the scan exposure to a wafer W1 by the 1st wafer stage 43 A side, a high throughput is 
obtained. 

[0045] Moreover, one pair of wafer Y-axis interferometers 45A and 45B are installed in the lower side 
face which counters in the direction of Y of the projection system attaching part 1 1, and 3 sets of wafer 
X-axis interferometers (unHllustrating) are installed so that it may correspond to projection optics PL and 
the alignment sensors 46A and 46B on the lower side face of the direction of X of the projection system 
attaching part 11. From the measurement information on these interferometers, the location of each 
direction of X of the wafer stages 43A and 43B and the direction of Y and a list are asked for the 
surrounding angle of rotation (the amount of yawing) of the Z-axis, the surrounding angle of rotation (the 
amount of pitching) of the X-axis, and the surrounding angle of rotation (the amount of rolling) of a Y-axis. 
Moreover, the focal location (location of the direction of an optical axis of projection optics PL) and tilt 
angle of wafers W1 and W2 under exposure are measured by the above-mentioned automatic focus 
sensor (47 A, 47B). The main control system 81 to which the measurement information on these 
interferometers and an automatic focus sensor carries out control control of the actuation of the wafer 
stage drive system 83 of drawing 4 and the whole equipment is supplied. The wafer stage drive system 83 
controls the location of the wafer stages 43A and 43B, a rate, a focal location, a tilt angle of wafers W1 
and W2, etc. based on the measurement information and the control information from the main control 
system 81. 

[0046] Moreover, the wafer conveyance device (un-iliustrating) in which a wafer is delivered between the 
wafer loader system WL in the interface column 16 and the wafer stages 43A and 43B, and the device 
(unHllustrating) in which PURIARAIMENTO of a wafer is performed are also established. When using 
vacuum-ultraviolet light as an exposure beam (exposure light) like this example, moreover, vacuum- 
ultraviolet light Since it is greatly absorbed with impurities, such as oxygen which exists in usual 
atmospheric air, a steam, hydrocarbon system gas, the organic substance (carbon dioxide etc.), and a 
halogenide, in order to prevent attenuation of an exposure beam An impurity needs to supply the gas 
(purge gas) removed highly to the optical path of an exposure beam by rare gas, such as the gas which an 
exposure beam penetrates, i.e., nitrogen (N2) gas, helium (helium), and neon (Ne), etc. Then, also in this 
example, the reticle stage system RST is contained in the reticle room (un-illustrating) as a sealed cabin. 
The wafer stage system WST is also contained in the wafer room (unHllustrating) as a sealed cabin. 
Projection optics PL is made airtight. The space between the 2nd subchamber 1 5 (the 2nd illumination 
system IL 2) and a reticle room, The space between a reticle room and projection optics PL and the 
space between projection optics PL and a wafer room have flexibility, respectively, and are covered with 
the covering member (unHllustrating) excellent in gas barrier nature. And the above-mentioned purge gas 
is supplied to the interior of projection optics PL from the non-illustrated purge gas feeder style at the 
interior of the interior of the subchambers 19 and 15, a reticle room, and a wafer room, and a list, 
respectively. 

[0047] In addition, when using ArF excimer laser light (wavelength of 193nm) as an exposure light IL, it is 
also good for the optical system (BMU18 and the 1st and 2nd illumination systems IL1 and IL2 are 
included) arranged between the exposure light source 17 and Reticle R, and projection optics PL to 
supply purge gas. However, when wavelength uses vacuum-ultraviolet light about 180nm or less as an 
exposure light IL, it is desirable like the above to supply purge gas also to the space between the 2nd 
illumination system [L 2 and projection optics PL and the space between projection optics PL and a 
wafer, respectively. 

[0048] Next, with reference to dr awin g 2 - drawing 4 , it explains to a detail per configuration of the 
reticle stage system RST of this example. It is the front view which the top view and drawing 2 (B) which 
show the reticle stage system RST of drawing 1 cut some members of drawing 2 (A), and drawjngj* (A) 
lacked, and drawin g 3 is drawing showing the important section of ^awingL.2 , and drawing_4 shows the 
control system of the reticle stage system RST. As shown in drawing 2 (A) and (B), the jogging stage 
susceptor 9 is installed through three active mold vibrationproofmg bases 8A, 8B, and 8C (it corresponds 
to the active mold vibrationproofing base 8 of .drayyjng .l as a whole) on the reticle stage susceptor 7. The 
jogging stage 31 which holds Reticle R smoothly free [ displacement ] to the direction of X (non-scanning 



direction), the direction (scanning direction) of Y, and a hand of cut is laid through the Ayr pad 51 in the 
guide side on the jogging stage susceptor 9. The jogging stage 31 is in the condition which is the Ayr pad 
51 and which blew off air (or the same gas as purge gas), and maintained spacing of several micrometers 
by balance of the force and a vacuum precharge pressure, and surfacing support is carried out on the 
guide side. As mentioned above, the active mold vibrationproofing bases 8A-8C contain the mechanical 
damper which bears the amounts of Oshige, such as the Ayr damper or a hydraulic damper, respectively, 
and the electromagnetic damper which consists of electromagnetic actuators, such as a voice coil motor. 
By controlling the thrust of the electromagnetic damper in three active mold vibrationproofing base 8A - 
8C by the leveling control system 85 of drawing 4 mutually-independent, it is constituted by the optical 
axis AX at spacing (spacing of the optical-axis AX direction) of Reticle R and projection optics PL, and a 
list so that the tilt angle of the reticle R around biaxial [ with which it intersects perpendicularly within a 
perpendicular flat surface ] (for example, surroundings of the X-axis and a Y-axis) can be controlled. 
[0049] In drawing 2 (A) and (B), along with a Y-axis, the Y-axis guide member susceptor 37 is arranged in 
parallel to the jogging stage susceptor 9 on the reticle stage susceptor 7, and one pair of cylindrical 
maintenance frames 38A and 38B are arranged so that it may counter along with a Y-axis on the Y-axis 
guide member susceptor 37. Along with the Y-axis, the rod-like reticle Y-axis guide member 32 is mostly 
held [ in this maintenance frame 38A and 38B ] for the cross-section configuration smoothly free 
[ sliding ] through the pneumatic bearing with the square in the direction of Y. And the crevice of the base 
by the side of the direction of -X of the coarse adjustment stage 33 is laid for the direction of Y through 
a pneumatic bearing on the reticle Y-axis guide member 32, enabling free sliding, and the jogging stage 31 
is arranged so that inside 33a of the part of the L character mold by the side of the direction of +X of the 
coarse adjustment stage 33 may be countered. 

[0050] Moreover, the stators 57A and 57B of a U character mold are fixed to a part parallel to the X-axis 
of inside 33a of the coarse adjustment stage 33 for a cross-section configuration at intervals of 
predetermined in the direction of X, and stator 57C (refer to drawing 3 (B)) of a U character mold is being 
fixed to the part parallel to the Y-axis of inside 33a for the cross section. Needles 56A, 56B, and 56C are 
being fixed to the side face of the direction of -Y of the jogging stage 31, and the side face of the 
direction of -X so that a point may be inserted in Stators 57A and 57B and 57C, respectively. Y-axis 
actuator 58YA of a voice coil motor method and 58YB are constituted from Needles 56A and 56B and 
Stators 57A and 57B by two non-contact methods, and X-axis actuator 58X of a voice coil motor method 
is constituted from needle 56C and stator 57C by the non-contact method. The jogging stage 31 which 
holds Reticle R to the coarse adjustment stage 33 during scan exposure by X-axis actuator 58X as a 
jogging device and two Y-axis actuator 58YA(s), and 58YB is moved slightly to the direction of X, the 
direction of Y f and the surrounding hand of cut of the Z-axis so that a synchronization error with a wafer 
may be amended if needed, while it is connected so that it may be relatively stood still by the non- 
contact method. 

[0051] [n addition, as actuator 58X, 58YA, and 58YB, the actuator of the thing which miniaturized the 
usual linear motor other than a voice coil motor, or the EI type core method which carries out push length 
of the one needle according to electromagnetic force by one pair of stators etc. can be used. Moreover, 
the Y-axis linear motor 55 as a coarse ac|justment driving gear for driving the coarse adjustment stage 33 
in the direction of Y relatively by non-contact to the reticle Y-axis guide member 32 consists of a stator 
53 prepared in the top face of the reticle Y-axis guide member 32 along with the Y-axis, and a needle 54 
prepared in the base of the coarse adjustment stage 33 so that this might be countered. Actuation of the 
Y-axis linear motor 55 and three actuator 58X, 58YA, and 58YB is controlled by the scan control system 
86 of drawing 4 . The reticle Y-axis guide member 32 of this example receives the maintenance frames 
38A and 38B. Since it can move in the direction of Y freely, En case the coarse adjustment stage 33 (the 
jogging stage 31 is connected) is driven in the direction, (or the direction of -Y) of +Y to the reticle Y-axis 
guide member 32 The reticle Y-axis guide member 32 as a counterbalance (balance member) moves in the 
direction (or the direction of +Y) of -Y which is hard flow so that the reaction force of the drive may be 
offset. Since generating of vibration is controlled in case the jogging stage 31 is driven to a scanning 
direction through the coarse adjustment stage 33 by this, exposure precision (resolution of the pattern 
imprinted, superposition precision, etc.) is maintained highly. 

[0052] Moreover, in this example, since it moves along with the reticle Y-axis guide member 32 and only 
the jogging stage 31 is laid on the jogging stage susceptor 9, the coarse adjustment stage 33 can make 



small the load concerning the jogging stage susceptor 9. Therefore, since the amount of fluctuation of the 
load distribution on the jogging stage susceptor 9 at the time of scan exposure can be made small, 
generating of vibration can be controlled also from this viewpoint 

[0053] Since the reticle Y-axis guide member 32 of this example is freely movable in the direction of Y, a 
possibility that a center position may incline in the direction of +Y or the direction of -Y gradually is 
during scan exposure. In order to prevent this, as shown in drawing 4 , the linear encoders 61, such as a 
photoelectrical type as a relative-position sensor for reading the scale (un-illustrating) formed in the side 
face of the reticle Y-axis guide member 32, a magnetic formula, or an electrostatic-capacity type, are 
formed in the Y-axis guide member susceptor 37. And the Y-axis linear motor 60 as a driving gear for 
justification consists of a needle which consists of a stator 53 prepared in the reticle Y-axis guide 
member 32, and a stator 59 prepared in one maintenance frame 38B. The measurement information on a 
linear encoder 61 is supplied to the scan control system 86 through the coordinate measurement system 
84 of drawing 4 , and the scan control system 86 returns the center position of the direction of Y of the 
reticle Y-axis guide member 32 to the center position of the Y-axis guide member susceptor 37 
periodically through the Y-axis linear motor 60. 

[0054] It explains to drawing 2 per location instrumentation system of return and the jogging stage 31. 
First, the reticle Y-axis interferometer 34 consists of Y-axis interferometer 63YA of two predetermined 
spacing ******, and 63YB(s) in the direction of X, and the measurement beams LC1 and LC2 are 
irradiated by migration mirror 62YA of the corner cube mold arranged at the edge of the direction of +Y of 
the jogging stage 31, and 62YB(s) in parallel with a Y-axis from Y-axis interferometer 63YA and 63YB(s), 
respectively. The core of the optical axis (measurement shaft) of the measurement beams LC1 and LC2 
has passed through the core (in this example, it has agreed in the optical axis AX of projection optics PL) 
of the lighting field 36 of the exposure light to Reticle R, and the optical axis of the measurement beams 
LC1 and LC2 is the almost same height as the pattern side of Reticle R further. Y-axis interferometer 
63YA and 63YB(s) measure the location of migration mirror 62YA of the jogging stage 31, and 62YB(s) 
with the resolution of 10nm - about 1nm on the basis of the reference mirror (un-illustrating) formed in 
the side face of the direction of +Y of projection optics PL, respectively, and such measurement 
information is supplied to the coordinate measurement system 84 of drawin g 4 . By the coordinate 
measurement system 84, the location RY of the direction (scanning direction) of Y of the jogging stage 31 
(reticle R) and the surrounding angle of rotation (the amount of yawing) RthetaZ of the Z-axis are 
computed on the basis of projection optics PL from those measurement information. 
[0055] Next, the rod-like migration mirror 64 is mostly arranged for a cross-section configuration along 
the direction of Y with a square at the edge of the direction of +X of the jogging stage 31, and the reticle 
X-Z-axis interferometer 35 for measuring the location of the direction of X of this migration mirror 64 and 
a Z direction is arranged. Are the top view in which drawing 3 (A) shows the important section of drawing 
2 (A), and the side elevation which drawing 3 (B) cut the part which looks at drawi ng 3 (A) in the direction 
of -Y, and was lacked, and it sets to drawing 3 (A) and (B). The optical-system block 67 which the reticle 
X-Z-axis interferometer 35 is arranged on projection optics PL and the illumination system susceptor 13 
currently supported in one, and has four reflectors (or partial reflection side) 67a-67d, It has the 
reflecting mirror 69 of the rectangular-prism mold held above the migration mirror 64 through the non- 
illustrated frame to this optical-system block 67, and the reflecting mirror 68 of the rectangular-prism 
mold held through the non-illustrated frame to the illumination system susceptor 13. In this case, the 
optical-system block 67 is inserted in opening 7a prepared in the reticle stage susceptor 7, a reflecting 
mirror 68 is mostly held in opening 7a, and reference mirror 65X of the X-axis is being fixed to the side 
face of the direction of +X of the projection optics PL by the side of the base of a reflecting mirror 68. 
Moreover, X-Z-axis detecting element 66 containing the photodetector of a laser light source and 
plurality (4 as an example) is arranged near the optical-system block 67 on the illumination system 
susceptor 13. The reticle X-Z-axis interferometer 35 and X-Z-axis detecting element 66 support the 
interferometer for spacing measurement of this invention. 

[0056] In this example, as an example from X-Z-axis detecting element 66, after the laser beam of four 
shafts which were injected in parallel [ the laser beam of four shafts ] with the X-axis, and were injected 
is bent by + Z direction by 1st reflector 67a, the 1st laser beam is divided into the measurement beam 
LB1 (transmitted beam) and reference beam LR1 (reflective beam) by 2nd partial reflection side 67b. 
After the measurement beam LB1 penetrates 3rd partial reflection side 67c to + Z direction, it is reflected 



in the direction of -X and incidence of it is carried out at the 67d of the 4th reflector almost at right 
angles to the reflector (it is perpendicular to about X shafts) of the direction of +X of the migration mirror 
64. The measurement beam LB1 reflected in the migration mirror 64 follows an optical path almost 
contrary to the time of incidence, and it carries out incidence to 1st photodetector 66X in X-Z-axis 
detecting element 66 (refer to drawing 4 ) through Reflectors 67d-67a. Moreover, it is reflected in the 
direction of -X from partial reflection side 67b, and incidence of the reference beam LR1 is earned out 
almost at right angles to the reflector (it is perpendicular to about X shafts) of the direction of +X of 
reference mirror 65X, and reference beam LR1 reflected by reference mirror 65X follows an optical path 
almost contrary to the time of incidence, and is compounded with the measurement beam LB1 through 
Reflectors 67b and 67a. Therefore, the location of the direction of X of the migration mirror 64 of the 
jogging stage 31 (non-scanning direction) is measurable with the resolution of 10nm - about 1nm from the 
measurement information on the 1st photodetector 66X on the basis of reference mirror 65X of projection 
optics PL , 

[0057] The 2nd which, on the other hand, penetrated 2nd partial reflection side 67b among the laser 
beams of four shafts injected from X-Z-axis detecting element 66 - the 4th laser beam The measurement 
beams LB2-LB4 (reflective beam) of three shafts which go to + Z direction by 1st page (beam splitter 
side) 68a of a reflecting mirror 68 after being reflected in the direction of -X by 3rd partial reflection side 
67c. - It is divided into the reference beams LR2-LR4 (transmitted beam) of three shafts which advance 
in the direction of X as it is. The measurement beams LB2-LB4 of the three shafts advance to + Z 
direction, with a reflecting mirror 69, it is reflected by 180 degrees and incidence of them is carried out 
almost at right angles to the reflector (it is perpendicular to about Z shafts) of the top face of the 
migration mirror 64. As shown in drawing 3 (A), three points are the physical relationship which does not 
come on the same straight line, namely, incidence of the measurement beams LB2-LB4 of three shafts is 
carried out to the migration mirror 64 by this example by the physical relationship used as the top-most 
vertices of about 2 equilateral 3 square shapes. Notching section 9a for letting the measurement beams 
LB2-LB4 pass is prepared in the jogging stage susceptor 9. the measurement beams LB2-LB4 reflected 
in the migration mirror 64 should follow an optical path almost contrary to the time of incidence, and 
should pass 1st page 68a of a reflecting mirror 69 and a reflecting mirror 68, and Reflectors 67c-67a — 
the 2- in X-Z-axis detecting element 66 — incidence is carried out to 4th photodetector 66Z (refer to 
drawing 4 ). 

[0058] Moreover, the reference beams LR2-LR4 of the three shafts penetrate 1st page 68a ot a 
reflecting mirror 68, and by 2nd page (reflector) 68b, it is reflected in - Z direction and it carries out 
incidence almost at right angles to the reflector (it is perpendicular to about Z shafts) of the top face of 
reference mirror 65X. The physical relationship of reference beams LR2-LR4 is the same as the physical 
relationship of the measurement beams LB2-LB4 of drawing 3 (A). The reference beams LR2-LR4 
reflected by reference mirror 65X follow an optical path almost contrary to the time of incidence, and are 
compounded with the measurement beams LB2-LB4 through 2nd page 68b and 1 st page 68a of a 
reflecting mirror 68, respectively, therefore, the 2- the location (or the amount of fluctuation of spacing of 
the optical-axis AX direction) of the Z direction of the migration mirror 64 of the jogging stage 31 is 
measurable [ by three points ] from the measurement information on 4th photodetector 66Z on the basis 
of reference mirror 65X with the resolution of 10nm - about 1nm, for example, respectively. 
[0059] Thus, the reticle X-Z-axis interferometer 35 of this example can measure the location of the 
direction of X of the jogging stage 31 (reticle R), and the location of the Z direction in three points on the 
basis of projection optics PL with a very compact configuration by making applicable to detection two 
reflectors of the migration mirror 64 which intersect perpendicularly, and two reflectors of reference 
mirror 65X which intersect perpendicularly. The measurement information on four photodetectors 66X and 
66Z in X-Z-axis detecting element 66 is supplied to the coordinate measurement system 84 of o^ving„4 . 

[0060] The coordinate measurement system 84 asks for the location RX of the direction of X of the 
jogging stage 31 which holds the migration mirror 64, as a result Reticle R on the basis of projection 
optics PL from the measurement information on photodetector 66X of the X-axis in Rawing _4 . The 
location of the Z direction of the migration mirror 64 on the basis of the measurement information on 
photodetector 66Z of the three Z-axes to the projection optics PL, as a result the jogging stage 31 
(Namely, the amount of fluctuation of spacing of projection optics PL and the jogging stage 31) The 



surrounding angle of rotation (the amount of pitching) RthetaX of the X-axis of the jogging stage 31 to a 
perpendicular flat surface and the surrounding angle of rotation (the amount of rolling) RthetaY of a Y- 
axis are computed to an optical axis AX at RZ and a list The coordinate measurement system 84 supplies 
the information on the surrounding angles of rotation RthetaX and RthetaY of the locations RX and RY of 
the direction of X of the jogging stage 31 , and the direction of Y, the location RZ of a Z direction and the 
X-axis, and a Y-axis to the leveling control system 85 while supplying the information on the locations RX 
and RY of the direction of X of the jogging stage 31, and the direction of Y, and the surrounding angle of 
rotation RthetaZ of the Z-axis to the scan control system 86 and the main control system 81. In drawing 
4 , the reticle stage drive system 82 which drives the reticle stage system RST from the coordinate 
measurement system 84, the leveling control system 85, and the scan control system 86 is constituted. 
[0061] Next, it explains per example of actuation in case the projection aligner of this example performs 
scan exposure. Under the present circumstances, it is alike, alignment of Reticle R is performed 
beforehand, and the main control system 81 recognizes the physical relationship of the direction of X of 
the jogging stage susceptor 9 and the jogging stage 31 (reticle R) in drawing 4 , the direction of Y, and the 
surrounding hand of cut of the Z-axis. Furthermore, the value of the location RZ of the Z direction of the 
jogging stage 31 (reticle R) measured by the reticle X-Z-axis interferometer 35 of drawing 3 in case the 
projection image of the pattern of Reticle R is projected on a wafer in the best condition with a test print 
etc., and X-Z-axis detecting element 66 (hereafter) it is called "desired value RZ 1." And the value of the 
surrounding angles of rotation RthetaX and RthetaY of the X-axis and a Y-axis (it is hereafter called 
"desired value RthetaXI and RthetaYI".) It is determined and the storage section in the main control 
system 81 memorizes. The main control system 81 supplies the information on the desired value RZ1, 
RthetaXI, and RthetaYI to the leveling control system 85. 

[0062] Moreover, the offset delta RXG and delta RYG of the location of the center of gravity G of the 
jogging stage 31 to the measurement values RX and RY of the location of the direction of X of the jogging 
stage 31 and the direction of Y is searched for beforehand, and is memorized by the storage section in 
the main control system 81. furthermore, the relation (henceforth "the relation F between a center of 
gravity and load distribution (GX, GY)") between the center-of-gravity locations GX and GY of the 
direction of X of the jogging stage 31, and the direction of Y, and distribution of the load which three 
active mold vibrationproofing bases 8A-8C which support the jogging stage susceptor 9 are boil, 
respectively — count — or it asks experimentally and the storage section in the main-control system 81 
memorizes. The main control system 81 supplies the information on the relation F of the Offset delta RXG 
and delta RYG and center of gravity, and load distribution (GX, GY) to the leveling control system 85 
before exposure. 

[0063] Next, alignment of the wafer W1 on 1st wafer stage 43A is performed using alignment sensor 46A 
of drawing 1 . Then, the main control system 81 of drawing 4 moves the jogging stage 31 in the reticle 
stage system RST to a scan starting position (edge of the direction of +Y of the jogging stage susceptor 
9, or the direction of -Y) in parallel to moving wafer stage 43A of drawing 1 to a scan starting position 
through the wafer stage drive system 83 by driving the coarse adjustment stage 33 through the scan 
control system 86 in the reticle stage drive system 82. From this condition, the jogging stage 31 and 
wafer stage 43A synchronize as a velocity ratio, and are scanned in the projection scale factor of 
projection optics PL under control of the main control system 81, the exposure to the lighting field 36 of 
the exposure light IL is started, and the image of the pattern of Reticle R is serially imprinted by the scan 
exposure method by the 1st shot field on the wafer W1 of drawingj. . 

[0064] In this case, the coarse adjustment stage 33 of the reticle stage system RST drives the jogging 
stage 31 in the direction of +Y, or the direction of -Y with a fixed scan speed. And so that the 
synchronization error of the wafer W1 and Reticle R which remain during scan exposure may be offset 
The locations RX and RY of the direction of X among the positional information of the jogging stage 31 
detected with a reticle interferometer (35, 63YA, 63YB), and the direction of Y, and the angle of rotation 
RthetaZ of the circumference of the Z-axis (the amount of yawing), [t is based on the positional 
information (the location and the amount of yawing of the direction of X and the direction of Y are 
included at least) of the wafer stage detected with wafer interferometers (45A, 45B, etc.). The slight 
amount drive of the jogging stage 31 (reticle R) is carried out by actuator 58X of the X-axis and a Y-axis, 
58YA, and 58YB to the coarse adjustment stage 33 in the direction of X, the direction of Y, and the 
surrounding hand of cut of the Z-axis. In this case, the jogging stage 31 is small, since-izing can be 



carried out [ lightweight ] f a synchronization error can be amended with high precision with a high speed 
of response, and a high exposure precision is acquired. As this example shows to ajrawjngj. . moreover, 
the jogging stage 31 which moves Reticle R, and projection optics PL and the wafer stages 43 A and 43B 
which move wafers W1 and W2 Since it is supported mutually-independent through the active mold 
vibrationproofing base 8 (8A-8C) and the active mold vibrationproofing base 10, vibration produced in 
case the jogging stage 31 and the wafer stages 43A and 43B are driven does not have a bad influence on 
projection optics PL etc., and a still higher exposure precision is acquired. 

[0065] In addition, although the jogging stage 31 shall be moved slightly and the above-mentioned 
synchronization error shall be offset in this example, it may construct with it instead of the jogging stage 
31, the sample base of ****** and a wafer stage may be moved slightly with three degrees of freedom of 
the direction of X, the direction of Y, and the hand of cut of the circumference of the Z-axis, and a 
synchronization error may be offset Moreover, the direction of X of the jogging stage 31 supplied from 
the coordinate measurement system 84 in the leveling control system 85 of drawing_4 , It is based on the 
information on the surrounding angles of rotation RthetaX and RthetaY of the locations RX and RY of the 
direction of Y, the location RZ of a Z direction and the X-axis, and a Y-axis. The location RZ and the X- 
axis of a Z direction of the jogging stage 31, The thrust of the Z direction of the electromagnetic damper 
in three active mold vibrationproofing base 8A - 8C which supports the jogging stage susceptor 9 so that 
the surrounding angles of rotation RthetaX and RthetaY of a Y-axis may agree in the above-mentioned 
desired value RZ 1, and RthetaXI and RthetaYI, respectively is controlled. For this reason, the leveling 
control system 85 asks for the locations RX and RY of the jogging stage 31, and the locations GX and GY 
of the center of gravity G of the above-mentioned offset delta RXG and delta RYG to the jogging stage 
31 from a degree type a predetermined period. 
[0066] GX=RX+delta RXG — (1A) 
GY=RY+delta RYG — (1B) 

The leveling control system 85 furthermore, by applying the locations GX and GY of a center of gravity G 
to the relation F of the above-mentioned center of gravity and load distribution which are supplied from 
the main control system 81 (GX, GY) Three active mold vibrationproofing bases 8A-8C are alike, 
respectively, this load is computed, and the thrust of the electromagnetic damper in active mold 
vibrationproofing base 8A - 8C is controlled so that the height of the active mold vibrationproofing bases 
8A-8C becomes fixed according to these loads. This means controlling the thrust of the electromagnetic 
damper in active mold vibrationproofing base 8A - 8C by the feedforward method according to the 
location of the scanning direction of the jogging stage 31. And the thrust of the electromagnetic damper in 
active mold vibrationproofing base 8A - 8C is controlled further to amend the location RZ of the jogging 
stage 31 which remains also by this control, the desired value RZ 1 of angles of rotation RthetaX and 
RthetaY, and the error over RthetaXI and RthetaYI. Where the jogging stage susceptor 9 is supported 
through the active mold vibrationproofing bases 8A-8C by this, even if the location of the scanning 
direction of the jogging stage 31 changes a lot during scan exposure, the surrounding angle of rotation of 
spacing of projection optics PL and Reticle R and the X-axis of Reticle R, and a Y-axis is maintainable in 
the condition that the best image formation property is acquired, with a high speed of response. This 
means controlling fluctuation of the physical relationship of the jogging stage 31 (reticle R) and projection 
optics PL by the unbalanced load accompanying migration of the jogging stage 31. 

[0067] In parallel to this actuation, by the wafer stage system WST side of drawing..! , the sample base in 
wafer stage 43A drives so that the front face of a wafer W1 may focus to the image surface of projection 
optics PL based on the measurement information on an automatic focus sensor (47A, 47B). In the shot 
field of a wafer W1, the image of the pattern of Reticle R is imprinted by this in the best condition. 
[0068] Scan exposure to all the shot fields of a wafer W1 is performed by repeating step migration of 
wafer stage 43A, and the above actuation. Then, scan exposure is performed similarly to the wafer W2 on 
2nd wafer stage 43B. Moreover, in a contraction projection method like this example, the jogging stage 31 
for reticles is scanned more by the high speed rather than the wafer stages 43A and 43B by the ratio of 
the inverse number of a projection scale factor. Therefore, the scan speed of the jogging stage 31 
determines the exposure time to each shot field on a wafer. About this, in this example, the coarse 
adjustment stage 33 of the reticle stage system RST does not contact the jogging stage susceptor 9, and 
only the small lightweight jogging stage 31 moves in the jogging stage susceptor 9 top. Therefore, on the 
jogging stage susceptor 9, where generating of vibration is controlled, since the jogging stage 31 is 



movable to a high speed, the exposure time to each shot field can be shortened, and the throughput of an 
exposure process can be raised. 

[0069] [n addition, although the coarse adjustment stage 33 of the reticle stage system RST and the 
reticle Y-axis guide member 32 are supported on the reticle stage susceptor 7, you may make it support 
the coarse adjustment stage 33 and the reticle Y-axis guide member 32 in aVawi_ng,l with the gestalt of 
the above-mentioned operation with another column installed on the frame axle-pin rake 2. 
[0070] Next, with reference to drawing 5 , it explains per gestalt of another operation of the reticle X-Z- 
axis interferometer 35 of the gestalt of the above-mentioned operation. In drawing 5 , a same or similar 
sign is given to the part corresponding to drawing 3 , and the detail explanation is omitted. A cross- 
section configuration is a square mostly and, as for migration mirror 64A which is the top view in which 
dr awing 5 (A) shows the important section of this example, and the side elevation which drawin&l. (B) cut 
the part which looked at drawing 5 (A) in the direction of -Y, and was lacked, and was attached in the side 
face of the direction of +X of the jogging stage 31 in drawing 5 (A) and (B), the mirror plane is made to the 
side face and base of the direction of +X. Reticle X-Z-axis interferometer 35A of this example is equipped 
with the optical-system block 70 which is arranged on the illumination system susceptor 13 and has three 
reflectors (or partial reflection side) 70a-70c, the optical-system block 71 which is fixed to this optical- 
system block 70, and has two reflectors (or beam splitter side) 71a and 71b, and two reflecting mirrors 72 
and 73 of the rectangular-prism mold fixed to this optical-system block 71. [n this case, the optical- 
system blocks 70 and 71 are inserted in opening 7a of the reticle stage susceptor 7, a reflecting mirror 73 
is mostly held in opening 7a, and the reflecting mirror 72 is being fixed to the base side of reference 
mirror 65X of the X-axis of the side face of projection optics PL Moreover, X-Z-axis detecting-element 
66A containing a laser light source and four photodetectors is arranged near the optical-system block 70. 
[0071] In this example, after the 1st laser beam is bent by + Z direction by 1st reflector 70a among the 
laser beams of four shafts injected from X-Z-axis detecting-element 66A, it is divided into the 
measurement beam LB1 (transmitted beam) and reference beam LR1 (reflective beam) by 2nd partial 
reflection side 70b. By 3rd reflector 70c, it is reflected in the direction of -X and incidence of the 
measurement beam LB1 is carried out almost at right angles to the reflector of the direction of +X of 
migration mirror 64A. The measurement beam LB1 reflected by migration mirror 64A follows an optical 
path almost contrary to the time of incidence, and it carries out incidence to the 1st photodetector in X- 
Z-axis detecting-element 66A through Reflectors 70c~70a. Moreover, it is reflected in the direction of -X 
from reflector 70b, and incidence of reference beam LR1 is carried out almost at right angles to the 
reflector of the direction of +X of reference mirror 65X, and reference beam LR1 reflected by reference 
mirror 65X follows an optical path almost contrary to the time of incidence, and is compounded with the 
measurement beam LB1 through Reflectors 70b and 70a. Therefore, the location of the direction of X of 
migration mirror 64A of the jogging stage 31 (non-scanning direction) is measurable from the 
measurement information on the 1st photodetector on the basis of reference mirror 65X of projection 
optics PL 

[0072] The 2nd which, on the other hand, penetrated 1st partial reflection side 70a among the laser 
beams of four shafts injected from X-Z-axis detecting-element 66A - the 4th laser beam are divided into 
the measurement beams LB2-LB4 (reflective beam) of three shafts which go to + Z direction by beam 
splitter side 71a, and the reference beams LR2-LR4 (transmitted beam) of three shafts which advance in 
the direction of -X as it is. It is reflected in the direction of -X by reflector 71b, and with a reflecting 
mirror 73, it is reflected in + Z direction and incidence of the measurement beams LB2-LB4 of the three 
shafts is carried out almost at right angles to the reflector (it is perpendicular to about Z shafts) of the 
base of migration mirror 64A. As shown in draw ing 5 (A), three points carry out incidence of the 
measurement beams LB2-LB4 of three shafts to migration mirror 64A by the physical relationship which 
does not come on the same straight line. Notching section 9b for letting the measurement beams LB2- 
LB4 pass is prepared in the jogging stage susceptor 9. The measurement beams LB2-LB4 reflected by 
migration mirror 64A follow an optical path almost contrary to the time of incidence, and it carries out 
incidence to the 2nd in X-Z-axis detecting-element 66A - the 4th photodetector through a reflecting 
mirror 73 and Reflectors 71b, 71a, and 70a. 

[0073] Moreover, with a reflecting mirror 72, it is reflected in + Z direction and incidence of the reference 
beams LR2-LR4 of three shafts which penetrated the beam splitter side 71a is carried out almost at right 
angles to the reflector (it is perpendicular to about Z shafts) of the base of reference mirror 65X. The 



physical relationship of reference beams LR2-LR4 is the same as the physical relationship of the 
measurement beams LB2-LB4 of drawing 5 (A). The reference beams LR2-LR4 reflected by reference 
mirror 65X follow an optical path almost contrary to the time of incidence, and are compounded with the 
measurement beams LB2-LB4 through a reflecting mirror 72 and beam splitter side 71a, respectively. 
Th ere f ore> the location (or the amount of fluctuation of spacing of the optical-axis AX direction) of the Z 
direction of the migration mirror 64 of the jogging stage 31 is measurable by three points on the basis of 
reference mirror 65X from the measurement information on the 2nd - the 4th photo detector. 
[0074] Thus, reticle X-Z-axis interferometer 35A of this example can measure the location of the 
direction of X of the jogging stage 31 (reticle R), and the location of the Z direction in three points on the 
basis of projection optics PL, simplifying the configuration by the side of a reticle stage system without 
arranging a reflecting mirror etc. above Reticle R by making the base of migration mirror 64A applicable to 
detection. 

[0075] in addition, although spacing and the angle of rotation of Reticle R and projection optics PL shall 
be maintained in the predetermined condition with the above-mentioned operation gestalt by control of 
the active mold vib rati onp roofing bases 8A-8C (thrust of an electromagnetic damper) The pattern image 
of the reticle R projected by projection optics PL on a wafer may be maintained to best using the 
adjusting device which constructs with this instead of the active mold vibrationproofing bases 8A-8C, and 
is displaced relatively in the image surface and Wafer W of ****** and projection optics PL. The angles of 
rotation RthetaX and RthetaY of the circumference of the location RZ of the Z direction among the 
positional information of the jogging stage 31 specifically detected with a reticle interferometer (35, 63YA, 
63YBX the X-axis, and a Y-axis, It is based on the measurement information on an automatic focus 
sensor (47A t 47B). Amend fluctuation of the image formation condition of the wafer W1 which originates in 
change of the relative-position relation (spacing and rotation) between Reticle R and projection optics PL, 
and is produced, and the reticle pattern on W2. That is, the image surface of projection optics PL and the 
front face of a wafer agree mostly in the exposure field (projection field of a pattern image) of the 
exposure light IL on a wafer (if it puts in another way). What is necessary is just to drive the sample base 
of the wafer stages 43A and 43B, for example, the front face of a wafer is set up in the effectual depth of 
focus of projection optics PL If adjustment of the tilt angle of the circumference of the location of the Z 
direction, the X-axis, and a Y-axis is possible for the adjusting device at at least one of Reticle R, a 
wafer, and the image surfaces of projection optics PL, it is good. 

[0076] Here, when driving Reticle R, to the coarse adjustment stage 33, the jogging stage 31 may be 
added to three degrees of freedom of the direction of X, the direction of Y, and the hand of cut of the 
circumference of the Z-axis, and may be constituted from three degrees of freedom of the hand of cut of 
the circumference of a Z direction, the X-axis, and a Y-axis possible [jogging ], or Reticle R may consist 
of three degrees of freedom of the hand of cut of the circumference of a Z direction, the X-axis, and a Y- 
axis possible [jogging] to the jogging stage 31. Furthermore, the image formation properties (aberration 
etc.) of projection optics PL are adjusted, and it may be made to move by moving one optical element, for 
example, even if there is no smallness of projection optics PL in the image surface (an inclination is 
included). 

[0077] Moreover, although Y-axis interferometer 63YA and 63YB shall detect the amount of yawing of a 
reticle stage (jogging stage 31) with the above-mentioned operation gestalt, the laser beam of one shaft 
which left only predetermined spacing is added in the 1st laser beam, parallel, and the direction of Y with 
the X-Z interferometer 35, and it is good also as measurement of the amount of yawing being possible. In 
this case, one is sufficient at a time as the migration mirror and Y-axts interferometer of the cube- 
corner-reflector mold formed in the jogging stage 31, respectively. Furthermore, although Y-axis 
interferometer 63YA, migration mirror 62YA of the jogging stage 31 where each laser beam of 63YB is 
irradiated, and 62YB were used as the cube -corner-reflector mold with the above-mentioned operation 
gestalt, the migration mirror in which a reflector turns into a flat surface may be used, or mirror plane 
processing of the end face (side face) of the jogging stage 31 is carried out, and it is good also as a 
reflector. At this time, it is also good to form the single reflector which extends in the direction of X for a 
long time than spacing of the laser beam of Y-axis interferometer 63YA and 63YB. 
[0078] Furthermore, although the 2nd page of the side face and top face (or inferior surface of tongue) 
was made into the reflector for the migration mirror 64 which reflects each laser beam of the X~Z 
interferometer 35 with the above-mentioned operation gestalt as another object in the jogging stage 31, it 



is good also as one apparatus which carries out mirror plane processing of the end face (side face) and 
top face (or inferior surface of tongue) which extend in the direction of Y of the jogging stage 31, 
respectively, and is made into a reflector. Moreover, although the angles of rotation RthetaX and RthetaY 
of the circumference of the location RZ of the Z direction of the jogging stage 31, the X-axis, and a Y- 
axis shall be measured with the X-Z interferometer 35 with the above-mentioned operation gestalt For 
example, by one side of Y-axis interferometer 63YA and 63YB, add the laser beam of one shaft which left 
only predetermined spacing to the laser beam and parallel, and a Z direction, and the angle of rotation (the 
amount of pitching) RthetaX of the circumference of the X-axis is made them measurable. It is also good 
to measure the location of the Z direction of the jogging stage 31 only by two points, and to acquire the 
location RZ of a Z direction, and the angle of rotation RthetaY of the circumference of a Y-axis in the X- 
Z interferometer 35. 

[0079] Moreover, although the wafer base 42 where a wafer stage is arranged shall be hung and it shall fix 
to the base 5 of a body in the section 41 in the above-mentioned operation gestalt, it may dissociate from 
the base 5 of a body, and the wafer base 42 may be arranged. For example, it is not necessary to install 
active mold vibrationproofing base where the active mold vibrationproofing base 4 in which the base 5 of a 
body is laid is another on the frame axle-pin rake 2, to lay the wafer base 42 on this another active mold 
vibrationproofing base, and to form the active mold vibrationproofing base 10 with this configuration. 
Moreover, although 2 sets of alignment sensors 46A and 46B shall be formed with the above-mentioned 
operation gestalt, the alignment sensor which detects the mark on a wafer may be made only into 1 set, 
and you may constitute so that two wafer stages may be replaced by turns between this 1 set of 
alignment sensors and projection optics PL In short, the aligner of this invention is not restricted to the 
configuration of drawing 1 , is arbitrary and is not cared about. 

[0080] In addition, the projection aligner of the gestalt of the above-mentioned operation includes the 
illumination-light study system and projection optics which consist of two or more lenses in the body of 
an aligner, carries out optical adjustment, can attach in the body of an aligner the reticle stage and wafer 
stage which consist of many machine parts, can connect wiring and piping, and can manufacture them by 
carry out comprehensive adjustments ( electric adjustment, check of operation, etc.) further. In addition, 
as for manufacture of the aligner, it is desirable to carry out in the clean room where temperature, an air 
cleanliness class, etc. were managed. 

[0081] When manufacturing a semiconductor device on a wafer using the projection aligner of the gestalt 
of the above-mentioned operation, furthermore, this semiconductor device The step which performs the 
function and engine-performance design of a device, the step which manufactures the reticle based on 
this step, The step which makes a wafer from a silicon ingredient, the step which performs alignment with 
the projection aligner of the gestalt of the above-mentioned operation, and exposes the pattern of a 
reticle to a wafer, It is manufactured through a device assembly step (a dicing process, a bonding process, 
and a package process are included), an inspection step, etc. 

[0082] In addition, it can apply also to the aligner for, for example, manufacturing various devices, such as 
an aligner for display units, such as a liquid crystal display component formed in the glass plate of a 
square shape, or a plasma display, and image sensors (CCD etc.), a micro machine, the thin film magnetic 
head or a DNA chip, widely, without being limited to the aligner for semiconductor device manufacture as 
an application of the aligner of this invention. Furthermore, this invention is applicable also to the 
exposure process (aligner) at the time of manufacturing the masks (a photo mask, reticle, etc.) with which 
the mask pattern of various devices was formed using a photograph RISOGUFI process. 
[0083] Moreover, this invention is applicable not only to the projection aligner of a scan exposure method 
like step - and - scanning method but the projection aligner of a step-and-repeat method (one-shot 
exposure method). Moreover, any of refractive media, reflective refractive media, and a reflective system 
are sufficient as projection optics PL, and any of a contraction system, unit systems, and an expansion 
system sufficient as it. Furthermore, an exposure beam may not be restricted to vacuum-ultraviolet light, 
ultraviolet radiation or far-ultraviolet light is sufficient as it, and charged -particle lines, such as EUV light, 
an X-ray or an electron ray, and an ion beam, etc. are sufficient as it. 

[0084] The movable stage Gogging stage 31) of a wafer stage system or a reticle stage system may be 
held in these cases by which methods, such as an Ayr surfacing mold which used the pneumatic bearing, 
or a magnetic levitation mold. Moreover, a movable stage may be a guide loess type which does not 
prepare a guide like the gestalt of the above-mentioned operation, and the type which moves along with a 



guide is sufficient as it. 

[0085] Moreover, the reaction force generated at the time of the acceleration and deceleration at the 
time of step migration of a wafer stage or a reticle stage and scan exposure etc. is an United States 
patent (USP), for example, respectively. The 5,528,118th A number or United States patent (USP) The 
6,020,710th You may miss to the floor (earth) mechanically using a frame member as indicated by the 
number (JP,8-33022,A). Thus, this invention is not limited to the gestalt of above-mentioned operation, 
but can take configurations various in the range which does not deviate from the summary of this 
invention. 
[0086] 

[Effect of the Invention] Since the stage holding the 1st body (mask) is supported independently of a 
projection system according to this invention, vibration has a pile advantage in propagation between the 
stage systems and projection optics holding a mask. Furthermore, [ whether based on this measurement 
information, at least one of spacing of that stage and its projection system and the tilt angles is controlled 
during exposure of the 2nd body (substrate) by measuring the physical relationship of that stage and its 
projection system, and ] Or by controlling the physical relationship of the projection system and 2nd body 
(substrate), it can be compatible in supporting a mask and a projection system mutually-independent and 
maintaining the physical relationship of the image surface of a projection system, and the exposure side of 
the 2nd body in the predetermined condition, and a high exposure precision is acquired. 
[0087] Moreover, this invention is applied to the aligner of a scan exposure mold by controlling fluctuation 
of the physical relationship by the unbalanced load accompanying migration of a stage, also when the 
location of the moving part which holds a mask and moves changes, the physical relationship of the image 
surface of a projection system and the exposure side of a substrate can be maintained in the 
predetermined condition, and a high exposure precision is acquired. Moreover, according to the 
manufacture approach of the device of this invention, the highly efficient device excellent in superposition 
precision or pattern fidelity can be mass-produced. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram which cut and lacked the part which shows the projection aligner of an 
example of the gestalt of operation of this invention. 

[Drawing 2] They are the top view in which (A) shows the reticle stage system of drawing 1 , and the 
front view which (B) cut a part of drawing 2 (A), and was lacked. 

[Drawing 3] They are the top view in which (A) shows the important section of the reticle stage system of 
drawing 2 (A), and the side elevation which (B) cut the part which looked at drawing 3 (A) in the direction 
of -Y, and was lacked. 

[Drawing 4] It is drawing showing the control system of the reticle stage system of the gestalt of the 
operation. 

[Drawing 5] They are the top view in which (A) shows the important section of the reticle stage system of 
other examples of the gestalt of operation of this invention, and the side elevation which (B) cut the part 
which looked at drawing 5 (A) in the direction of -Y, and was lacked. 
[Description of Notations] 

RST [ — Wafer stage system, ] — A reticle stage system, R — A reticle, PL — Projection optics, WST 
W1, W2 — A wafer, 4 — An active mold vibrationproofing base, 7 — Reticle stage susceptor, 8 (8A-8C) - 

- An active mold vibrationproofing base, 9 — Jogging stage susceptor, 10 — Active mold 
vibrationproofing base, 11 [ — Reticle Y-axis guide member, ] — A projection system attaching part, 13 - 

- Illumination system susceptor, 31 — A jogging stage, 32 33 — 35 A coarse adjustment stage, 35A — A 
reticle X-Z-axis interferometer, 37 — Y-axis guide member susceptor, 55 [ — A migration mirror, 65X / - 

- A reference mirror, 66, 66 A — X-Z shafts detecting element ] — A Y-axis linear motor, 58X — An X- 
axis actuator, 58YA, 58YB — 64 A Y-axis actuator, 64A 
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ffiSj^^— ^3 3 ^tsa^T 1 — - ^3 1 1&3 ®(DiE&m 

»^f^3 1l^ &»*^— S*3 3fc:jg»L 

®SMx— ^3 l©2ft7cW)S:<ft:fltRt/|pl(BAH:, vif- 

3*H) ^J:o-cat»3t**PL*ai!|ii:U-CtHHS 
*X, rc0tf«iJ1t#^S<5^Tmit)^^— ^3 3, 

[0 0 3 6] *«n?wt, mib^x-^^9, »ft^ 
v^3 3, Xt;cn6>wBB«i»d^ i/f ^;^f 
STU (^FEI^) lUot 

T^r i^conlib^^-^ (SScffi)^^— ^3 1) T*2ftcD 
[0 0 3 7] ^fc, *lJbl£:7U— J*****2lcR» 

tb-CV>^ 0 U^^^T~^^7±IC^U^^>rUSr 

tt, u^-^yu|«HEgW«U*ff52 2Sr^bTU'^^yb*o — 
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[0 0 3 81 RtC ^-^5W±®T3^37A 

mj&~?&<9 j»*Dfi:ttttfiB»a!BS«'&4<t!9t>ffi 
<H£££*ltv^) , S8X«»»ii<o±ffii:tfta: 

tt-tzmmm (2^<omr>, whxmtTfY w<dibw<d 

[0 0 3 9] »*£3R«#9«1 l±^4*(0=i^A 

1 2Sr^LT5p«tt^W5R3S»-&l 3 #88* S fr* IB 

jM»»S*t"0*<5. «WI$^13ioflf^ 

^U»2f^ft^l5 (JS2HM3X I L 2*SiRtt 

I0M5l^^7A 1 4tt, u^*/v*^-^3c«r&7K: 

«M§M 3 l^OKf ^ P L (^^M A X (Clll ttliffl 

W^&^y^i 4 i»»*ttBtc^^/UYW^tt 

7 KKtt ^tb/c^P 7 d Sril LtM^T 
— v>3 10*|ffi|:lLT^9, I'^A'YWhPSfW-S 4 

tf) ^S2Pi:b-C, »i^f-^3 1 (l/f^/VR) 
Y^ (3t3^*lRj) cof£g s Ztt<D|sI0Ol§HE£ (3 — 

[0 0 4 0] bi i -en^(a^-efc5^> flaw** 

«T&1 3±fcHS, ^(®)^X-^3 1 CDX^fpJCOfi®, Y 
M*>B90>|iME* (n-!)^fi . JB»***PLfc 

^ib^^-^3 i tcoz^iRjcoKBl, 2fct«a«tt^*p 

[0 0 4 1 ] ±jfc(D X 0 #iS<OfifclbMI»S 
*1 O05±lca«3ll6**PLaoW2IIRW*I L2*i 
J$£*tTV>5 0 Sot, i^^£J$P^i-568ftft£8: 

Snafcfc, »****PLOtt*»tt*SS»fiKllll»* 
*u5 e fcfc:. *0tt-CI4»«*(ft»ffl 1 1 WJBEBICUUU* 
**PL*rY*iRl»c»Etr J:9W7 • T^^^^F 



I A (Field Image Alignment) #5£J: 9 *5SBttiF5*0 
l^fCOTy-f ^ V h-feVf-4 6AM4 6 Bri^^Jx 

&t^«»ft*wjwi-sfc*oisat3t^3R4 7 

[0 0 4 2] ^01J6O^^>^7 1 — i/^WS TiCO 

KffitC 20(D^x/nXt-^4 3AM4 3 B 
T— ^<7D >-^^bTR^{C, X*[^3ttfY*rRl^a 
i&g»C*ctl£*K ^x^f^4 3AM4 3Bi 

t lt * x/nw i mm 2 ^*sk#^ic j: o x$m 

[0 0 4 3] #:r./N;*ir — v*4 3 A, 4 3Btt, -^tt-^ 

£fl 4 4\ft\ZYlJfy\Z»m&&\Z#t;i/*<--s<7>'X 

7^4 3A, 4 3BdSy ^^*«Sr^UTilSStLT 
V^6 e *g$r£{$4 4iaot^x/^r^4 3 A, 4 3 

B*Y*rtiic«E»-rsiRosA3ftMatf*a**ixr, «t 

<D^^«3^J$H^)o Ml-> ^x/^7-^4 3A, 4 
3B<Of^a5tC^^:tb ; en^^.^Wl f W2^X^rPl, Y 
#[rK Slt/Z<*OlHl9C0lHlte^fRlO3 SSfi-ClS/MKtb 

C!>xawi SrZ^ftco^ffi, ^U^2ttco[H]«9 (BP^> 
[0 0 4 4 ] ^J-Ctt, i)xa^ 42> r>ji/N^-r 

-^4 3 a, 4 3B, Ru^tib<ommmmxr>^zfju 

1^ 0ij^(^l v^4 3 A^iJT^^^Wl 

"C r> ih/nW 2 <D&&RXfT 7 J * > h *ft ? Z t&X'Z 

[0 0 4 5] SfKXffiWffi 1 1 (DYXfalZttfa-r 

lMC0^zn/>YiWl^ff4 5 A&U<4 5 B 
^KffiStu, 1 iox*^T««ffilc« 

»*^*P L^t/r^^^ >- hir^if4 6 A, 46B(C 
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7t-^4 3A, 4 3 BV^tl^tKDXjjfaRXfYjjfa 

x«io|hI0<b|hME#! (fyfy^i) , &t*Y«<D[El') 
tfXHfcft (n-JJy^i) d5*«>6>tt-5. ©ft* 

*i?>-^ (4 7 A, 4 7B) lC£oTtWJ£ftT:io9. 

SrttB*J»-f5^»J»»8 1 i:MSttti39, 
*^-S^Sj^8 3 1*. ^CDft^J1t^t>^J«* 8 1 
^bO*J«1f^^S^VNT!>^^^'r-^4 3 A, 4 3 

[0 0 4 6] -Y — ^ 07AI 6 ft CD £ 

x^a^|WLi:!)x/^7^4 3A, 4 3B£<£> 

A^aa-r-5«ff, bp^sbr <n 2 ) xfs-y* 

A (He) , (Ne) «<0#;tf;**^tt»J&Si« 

mm*iSti1Z%ft 

^2i^y^-r 5 (S2PMIL2) tl/f 

^/^^oHco^ffl, i/f^;wti:Jt«*¥*PLi:© 

[0 0 4 7] ggftft I L t LTA r F^i^ U 

-if* 9 3nm) SrffiltSS^tt, 

%%mi 7 b \'^?;y'Rt<nm\zMW.ZfrZ>yb¥ : & (b 

MU18, JB 1 St^JB 2 I LI, IL2^§ 

tp) . M«^P Lco^|:^^^^Mt5 
J:V\, <§.U S2ft#; I L t Ltag^ 1 8 0 n 

mzmwwti L2 tft»mpL^(ofBom at* 
pu t owofflrwjc t>*ft«v*- 



[0 0 4 8] tfctc, ^Jcdi/^a-^x— ^rst<^) 
«*tJ:o#Bl2-El4S:#BLr»*I^RMi-S 0 EH 2 

(A) ft, [gjl OI/f^;^7- ^RST^r^i-^® 
IS, 1212 (B) B2 (A) <D—n<Dmt&9*9A^ 

B2 (A) , (B) lc*W-<fc5^ l"*-*^*^— S>3E 
«P^7±jC3ffl<^tB»a!K«-&8 A, 8B, 8C 
tbrEllOtB»S!BSfi-&8tc*H£r5) 

FIl^T^y K5 1 ^^LTX*-fp) (#j£3£ 

, y*i* (jfeae^rti) , atxEte^w^nw^K 

^TV^o <Rtt*^— £*3 1 ft, x7-^yK5 1© 

5iC ffi»aBSS-&8A-8Ctt^tb j etb3:T — 

•3*5«lK*co^^i:Sr^-ev^o HI 4 co i/-< y ^ 
^»JfW^8 5K<fcoT\ 3ffl^tt»S!BSfi^8A-'8C 

Ax^rpj^MPH) , &wcftttAxicffiiL*¥ffirt©tt 

^•T62WcO(Hlt) («^«Xtt&T^Ytt60lHj!9) -COU 

[0 0491 B2 (A) , (B) iCjo^T, U^-f/UX 
T-it^L&iS 7 ±_\Z.nW)*"r-i?%$fi3 9 \CM LTYi 

i:^ot¥tTliY#^ KflBWXJ«*3 7^gEfi*n. 
Ytt^f-T KSB*f*J»-&3 7 Ji{CYttlCftoT«-rfti"SJ; 
5^1#(7>Riaai<7>ft^3 8AM3 8B^IBe*tb 
TV^5 0 I^#3 8 AW3 8Brt(Cx7-^T y 

^^^urY^fcRmtcgiba^Etc, vrsn^K^is 

VUU 3 2 JhfcaiT— ' <T y ^^Sr^LTY*[Rltc«» 
gffiJC, fift^^— S^3 3<D-X*lR]fllOj£®0|!flSf|J*S 
«B£*U 3O+X*fil«(0L#l!O» 

[0 0 5 0] £fc. M®)^^^-^3 3CDrt®3 3 a COX 
(^)@^5 7A, 5 7 BtfmfeZth, F^ffi 3 3 a <DYffl\ 

\zw-ft*&&\zmm*u<$gi<DWim* 57c (a 3 

(B) &M) TbmfeZtlT^Zo BSf5 7A, 5 7B 
M5 7 C rtJC-ttt^jt«8«f|S^S L32.^^^) J: P 
UW}X"r— v?3 1 Y*[S]COMl®^tK-X^[S]O{R0© 
{C*5Jib^5 6 A, 5 6 B&tf 5 6 C^(g^$ tlTV>S e 
W5 6A, 5 6BM0W5 7A, 5 7 B <t t) 2 
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^x-^5 8YA, 5 8YB«^tl, ^St)^ 5 6 C 
7 C«fc l9*jKftb**T?5K>f ^=»>f /^ — ^ 

^oxtiliT^fax- * 5 sxjMftjfcSix'Cv^. ft 

SJb^IWi: LTCDXWT^^— * 5 8 X, RXI2o(D 
Yf*r^f-3.^^5 8YA, 5 8YB(Ccto-C, 3^ 
ggft*t£ffi»*x~-v>3 3(^Lt u^/Hl 

[0 0 5 1 ] ^ 7^faX-^ 5 8X, 58YA, 
5 8YB£LTi2, X=*4/l'*r-"?V>i&lZ s m*%<D 

Ytttf-l' KW3 2<7>±ffi^Ytt^?SoT^;ti-btL^@ 

m»3 2 ICS UT^-CtlMftl-il^^-^ 3 3 

^7*-*5 5j&M»/*S*XTV^ 0 YWU^T^— ^ 5 
5RX*3m<DT?^~^— * 5 8X, 5 8YA, 58Y 
B<Olb^ttia4<OjfeaEfi|»5R8 6lC«fco-tffl»S;tX-CV> 
5o *«(Z>U^^yWYtt^>f h'Utt 3 2tt«»«^3 8 A 
&T/3 8 BldMUTY*lRl^»»e«E-Ca>Sfc«). ^ 
*/l/Y«l#>f K^W 3 2\CttlsXmW)Xy L — ^3 3 (ft 
»;*^-i>3 l^aS^$nrv>S) £ + Y#ft (Xtt- 

tt+Y*ft) ^»»i"* 0 r*ucj:oT, fitb^r— 
3 3 ^LTftlb^—^S 1 Srjfe&frft^SMW-S^ 

[0 0 5 2] £fc, *«-CWta«l^^— ^3 Sttl^* 
/l/Yi^ H»*f3 2UlftoT»»U ttM^^-^S 
m*9±fcltt««J*^ — $^3 lO^J&SftlBSJxTV^fc 

[0 0 5 3] ^0iJ(DU^-^/WY|l!3^-f K«» 3 2tiY*" 
*s + Y*lt5Xtt-Y*fRj^flS5»tt3ftS*>5. w*x*BSJt 

-rsfc£>, emk^+j; ^^^y«^ raw 

3 2<D{RiJi5^HS:»t6ixfc:^v^— /i- (^FDttO £r^^Ex£ 

iM^u^rxy3-^6 i^y$*^-t raws: 



^3 7tc:ISi-tbix"C^6p ttt, i^^wYttaM' 

raw 3 2idKtte>*xfc@je^5 3 j:o^s"sr» : 7-^. 
— ^r<o««p#3 s Brttc»»te>ixyt©^5 9 <ha>b& 
BOTKffi<ore«>3£tSfc brcoYld y ^r^e—^ 6 otm 
j&Ztix^Zo ^rxy=-^6 i©ll-!Wt«ttH4 

MiiM8 6it Ytty^r*-^6o^Lr, « 

^ll««)(^f^^YiM raW 3 2<DYXfa<D*P 
^ffiB4rY«^ raWS^-&3 7<D^^©^M*To 
[0 0 5 4] |gl2t;iM9, »»^^-^3 
^^AtCO#RW-r«. 5fc-f\ l^^Yto^fU 
4te, X*rftfcBf«IBHII»X*:2oOY*llT*«-6 3Y 
AM6 3YBi?)M^, 3YA3W 
6 3 YB^fo-tiX^ixYttlcWTlC tK»*^—^3 1 

me 2YAM6 2 YBt;if1-$iJ^-^LC lRXfLC 2 

*sfiSAt*nrv>So thsotr — AL C 1 , LC2(Ojfei 

«K3 6^ (*«T?tt»«Jfc**PL<D3t*llAXlC 

1, LC 2C03t*4fi^^^^R^^^^ — ^ffiiMSEcl^C 
iH5£-?&5o Y«f*tt-6 3YAM6 3YBIi, 

6 2YAM6 2YB(0fiI^Jilfl 0 n 1 n m 

tmm 8 4 tcttiteSixSc ffintfjw* 8 4 -cii, ^axb 

— v»3 1 (l^^R) (DY*rtJ Gfe3£*-fR]) Oft©R 
Y, ^I^ZttO[H]^ 60©^ (a— f^^fi) R0Z£ 

[0 0 5 5] fttd, 3 1 <D+ Xjjfa<D$%& 

^Wrffi»ttd5«ffjE*»T?Y^lRjic»oTn * K*©# 
®J^6 4^iam$tLs Cl^tb^6 4(7)X^^O t Z*- 

ra<Dffi«*»ayi'Sfc*o^^^x-ztt z F»w-3 5 
^ss^l*^xTv^5. B3 (a) nm2 (a) <d^u^ 

-tspffiMs mS (B) teH 3 (A) £-Y;£ftl£jL£ — 
a5S:93 9^^^«MEI"C&?)^ S3 (A) , (B) fc*3 

fc— #»lcX»*Jxrv^«g«*3£j»*l 3±(e:SEgS 

tvT 4 (X tt«4^Kitffi) 67a-67d$r 

^0*fl^>^6 7^ ^-<D%¥--%-7ny>7 6 7 |C 

«PSixfcB:ft^!;XASloKI*«6 9 flaW5RX«F^ 

^DXAf^i6 8i?rIx.TV^ 0 * 

btiltWn 7 atc:ifilSixT*5^, Slttt6 8fi«tfBB 
P 7 a rt^»»**X, ^#t^6 8 OKffiWO«»*** 
P L04-X^rS]<^<R'Jffil-X$&^#fl^6 5X^S^S^X 
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5 0 Uf^;VX-Z«if»f|- 3 5Rt5X-Z«lj|fcU«6 
[0 0 5 6] ^WCioV^T, X-ZttttWffl6 6^fett 

#Hj*ftfc4tt©u— if tr— mi<D&mm6 

7 a-C+Z2fffllCjr0tttf fctbfcft, ^lOU-iftf- 
A fcfcgS 2 <£>S{5#K#t® 6 7b TtHH t'-ALBl (SiS 
t*-A) M^LRl (Mt-A) ir^»SiJ$ 
n^>o ^OfHilJ^-ALB 1 t± % +Z*lRl^fB3 0«5> 
Ki*ffi6 7 c*atiaLfc«* »4<OSl*B56 7 dt?-X 
*fftlCKJ»*tir»»«6 4© + X*lR)ORJtffi («»3f 

xi»i:lS"efc$) iciaffSHicAl*-*-*. «6 4 

K£fc<J?o"CEatffi6 7 d~6 7 a £&TX - ZM^ttS 
^H5 6 6 *Of&l<^m^tti^6 6X (Bt4#HH) (CAM 

b^b-X^rr^(-^lt^tiT#^6 5 X<D+X^rfpJ60 

R£ffi aatfxttfcfiiT'efca) KilStfSEl-AItU 
irl5tfa?o*KSrfe^orKi*ffi6 7 b, 67a^it 

asiasg e 6 x ow-amm** b , aie p l 

X^rfR] (#fe£SE#fa) (DttK«tBlOnm-lnm 

[0 0 5 7]-^ X-Z««ttia6 6^?>MUlS*lfc 
4^C0W— if tf— AC0^T^2Oa5^lt®6 7 b £S 
i&LfcJg2~fg4<Dl^-lf fcT-Ahfc, *3W8P^RJ*® 
6 7 c-C- X*lRl^SitSttfc«, ^i6 8^Il® 

(tT— A^^y y*m) 6 8 a-C+Z*-|p]|ClpJ^5 3tt 
GOftffljfcf— ALB 2~LB4 (KH-tf— A) £ , -X;fr 
rtlfc**)**** 3ttO#RS^— ALR2-LR4 (jg 
ifitr-A) £|C#9J£*x5o ^0 3^0ffSytf-ALB 
2-LB4H +Z^fp]iCiifTLr^:M^6 9 -CI 8 0 

° ^£*i-o£»i«6 4 (o_h®co^:tt® ostfzwicis 
H-CfcS) fc»atfMU:Alti-S. El 3 (A) lc*i-J: 
3 W^tf^Je*— ALB 2 — L B 4ft, 3^f^j— 

ScSb^T 1 — S**tt*9KlWt, ftfflf-ALB2-LB4 

£i§1-fc#<7)#j9;XtSi$9 a ^Krtfeturv^a. 

6 4T-RltStLfef|-»Jtr-ALB 2-LB4I1 A»W? 

1 IS 6 8 a % ^Lt^ixW® 6 7c-67a SrMTX-Zi 
«ltH^6 6 4 , O^2-B4C0^!E^tii^6 6 Z (B 4 # 

[0 0 5 8] ^3iOMl^-ALR2-LR 



4te, SMf 6 8cogll®6 8 a Sr38iBLT&2ffi (R 
Itffi) 6 8 bV-Zlffa\CfcM£frX&mm6 5X<D± 

^<DRMm {mxzmz&wreihz>) iciaerMfcAit 

f5o ^1 L R 2 - L R 4 OtttMffili, IH3 

(A) ©ffaif-A L B 2 - L B 4 (OftBBgff i B«t? 
h%o #»«6 SX-C^JtStL^BB^— 

R4li, AltB*^«l3ri8(03tB4:feiforS««6 8co 
^2® 6 8 bMl®6 8 a fcttT*Jh/«xWHfcT- 
ALB2-LB4^*^5. t£oT, ^C0^2-B 
4<D*««tti«6 6 Z<Z>W-JBIJfl|«^€>, #«B«6 5X«r 

B (Xtt:*ttAX*i«o<DlHI«<oaHb*) * 3 jft-C*;h,* 
tuWitf 1 0 n m~ 1 n m&£<D##tBTW»J-f3 - £ 

[0059] r<^J: pic^jcDu^^/wx-zW^tf 

3 5it #»«6 4 0 2oos:xr*Rtra, x^br 

<§|6 5X02oOi£SSi-SSIt®«:*ttl*f*^i-5r^ 

S$ttt»(i^T— ^3 1 (Uf-^/UR) (DX^<D 
ffiS, &t/3/R^©Z*|Rl<©ffilBSrW-SJ"C** 0 X-Z 
*MfcfflS&6 6ft0 4ffiOft®1&t±i3§6 6 X, 6 6ZOff 

flffittttH4 a>ffi«tf«!J* 8 4 fcttJ&Sjh/C^S. 

[0060] ig] 4 ic^o^x. mmwm s 4 x m<D 

*«tftffl«6 6XOW-9J«**^Jft»**5RPLS:S* 
£U-C»»»6 4, m^ttv-f^^R^ts^l 

v>3 l<7>X#fa<E>{£fiRX£r#£>. 3®COZ^O 
^««ffi^6 6 ZOf|-aiHS«^eSJ^*^PL*Sip 
fcbfc#lM*6 4, t>^r MtfMtt;*^— ^3 KDZJyfa 
(DiiLU Wh. S«mPL^»i^T- ^3 l.fc© 

r^Pio^itja) rz % ^wcatettAx^ffl:^®^^ 
i-sttft*^— s*3 i ox^oeooihI^ (tf^^v 

^S) ROXXt^YttOlHliJoiiHEft (n-y^^*) 
R0Y$riaitSo ffiiRW-»J* 8 4 tt. «®)^^-^3 
KDXjjfa. Y^OffigRX, RY, ^ZttO®?) 

(o©^ r e z pmntteimmx s e &t/±bmi» s 

»f^3lMm Y^ 
FRj^teERX, RY, Z^fpJCOttBRZ, ^t/X$i, Y 
tt^HJOCDlHlte^R 0 X, R 0 YCDlf^I^y ls?U 
»*8 5l:«ftt5. |g|4^C^oV^T > ffi«tf»J*8 4, 
y >-^*JfflJ^ 8 5 , &Wfe3£»J»* 8 6 i <9 

8 2aM»J*£*V0^ 0 

[0 0 6 1 ] ^W^S^B^KB-CjfeatB***? 

^/UROT7^>^h^tT^>tvr*>0, EI4[Cj6it^^ 
!8!)^7 l -^$^9 tjSi^f-^S 1 (U^yUR) 
drcox^rpJ, Y^rfS], ^t/Z^^lElt) (Dmz)ifaV)%tM 

^h^yyh?(aor, u^^/wr^/n-^-^s:^ 
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bo ) , StKXtt, Y«lO|Hl OIhHEA R 0 X, R0Y 
COffi («T* ri«fiR9Xl, R0Y1J tf3o ) 

So £r&J^^8 1 te, ^cog^fiR Z 1 , R0X1, R 
0 Y 1 <0fflf*£ U"< y ^^WJ«* 8 5 tC^-fSo 
[0 0 6 2] l£>X#|Rj2fctfY# 

f^c^teHcoffa'HiSRX, RYl:»t5»»^f-^3l 

COfi'frGCOffcgCO^-tr-/ h ARXG, ARYGTO 

So jetE, tftlJ^-r— 1 cox^-fp], Y^ftcofi^ 
BGX, GY<!:, »r-^5^9«jft53i 
^ffi»SKfi^8 A~8 c^^tt-eti/lc^sAW©^ 

x, gy) j tnoo ) te> tt*fcJ:0XttS»»fc:# 

8 1 B»^t7tyhARXG, A 
RYG&t«*L>i:A«r»*i:<7)B8«F (GX, GY) CO 
tf V fyfflWZk 8 5 ic«j&-rs 0 

[0 0 6 3] miCDTy^ ^htyf46A$: 

ffi^T^ 1 CO ^/n*^ — i>4 3 A_hC0 t>:x/\W 1 COT 

^N^-r— ^»*8 3$r^LTi lco?^*;*^— ^ 

8 2 o*aE»j«i* 8 6^ bratb 

^*RSTft©»»^^i;3 1 £jfe£B§*&tt« (MB 

rcotwia^ ^mipX8 i <D$y«cor-e, a 
ffc^x— ^3 1 tfr^'v*^— s*4 3A^S»ft¥S 
PLcoS^flapapSrififtJt^ LTI^ffl LT 
ft I L<OflR8H««3 6— co^dSB8*&$ttT, U^-^/v 
RCD^f — XD&tm 1 CO ^^WlJlCO l#gC0^3 

[0 0 6 4] ^ U'f^^f-^RSTOl 
B^f^3 3fi, — SO**3fiffi-e+Y*SlXtt-Y 
^riRj^ttft^T 1 — ^3 1 SrK»i-$ 0 -t IT, 

^ic^t6 !^x/>w i £ u^t/uR t (Dnmmm^ 

&i-Z>£?\Zs l^f^^M (3 5, 63YA, 63 
YB) T-«ffi£ftS«»*'r-^3 1 <^ffi«W*0 5 

X^fn], Y;frftcO>(i@RX, RY. ^T^ZttS^CO 
IUte^ (3W>^t) R0Z£, ^myN^ff (45 
A, 4 5BK¥) X~&m£tl£$^^X ; T-i?<DlSLmm 

5 8X, 5 8YA, 5 8YBC«tot, M^f-^3 
3Wttj81^f-^3 1 (U-^^R) ^SX^IrJ, 



5 0 rcogg^ ani^^— 1?3 i i*/bmx&&fcx%% 
as-ct, mmym&tfftibtiZo 1 

ic^-fj; ^^/WRSr^ibi-saib^'r— >>3 l 

^f^4 3A, 4 3BH\ mmmmm-^s (sa- 

8C) &^iiIK£^l 0fcfrbTSW;i»ftfc:33* 

4 3 a, 4 3 B&mm+zmz±z%mm*&&ft¥m 

[0 0 6 5] fc*5, *«t?r±H»^^— : 2^3 1 £'#»jb 
3E2f ftco 3 g *«"C«» bT IP«MM6«:tt» bT <fc 

v\> s 4 co y ^^»JW5R 8 5 -m, ffi^ftaiJ 

^8 4d»P>tl»&Stt««»^'7 ! — i^3 1 COX^rK Y^ 
(pJCOffigRX, RY, Z*-f^COffi®RZ, MX«, Y 

wcoii]<9co[Hite^R e x, r e Ycommcm^^x, tft 

»^7 ! —^3 lCOZ^ftCDfegRZ, WX#, Y#C0 
[HDCO[H]|5^R0X, R 0 Y^^^n±lHco@^|gR 
Z1.MR0X1, R0Yii^StSi:5i-aft^ 
9 Sr3£»i-S 3 ^coig»^g£J§-& 8 A- 8 

3 lcOftfRX, RY^±lBco^-^ir!v h ARXG, 
ARYG^^i^r — v^3 1 COfiii^GCO{5:gG X, G 

[0 0 6 6] GX = RX-hARXG ( 1 A) 

GY = RY + ARYG (IB) 

tLTV^S±I^COm^^A#^*^CO||«F (GX, G 
Y) M^G©MGX, GY^jgffi-rS^<hlCj:o 
"3fflOffi»S!Kfi'&8 A— 8 CCO-^n-^tL^^^S 

— 8 CCOiS**S-^{C^S<t 5^, ilIKS$8A^ 

8C4»co®jK^^com^Srft8t9-t-5 0 rixfi«»^ 

X-^3 lC0^2E^C0teB(-/febTie»S[IS^8A 

— 8 C^coma^>-^cO*t^^^^— 
S-CMn^t$rMtSo -Srb-C\ r^JWao 
Xtj^#bTVN6^i5^^— ^3 lcoficBRZ, Xt/lel 
«5^R0X, R0YOIMRZ1, WR0X1, R 

0 y i {ctt'tzmm&ffijE'tzx b\^\cmmmmm^ 

J:oT, »7f-^^9^«W^8A-8 

3 1 <D&&jjfa<DVLm&±z <mtLxhs m^fc®m 

/i-Rcox#, YttolsI9olaI<EftS:*Ao«ifcWttdsi» 
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[0 0 6 7] ZCDmftt&ft^X. m 1 CD^^^^r- 

i^wsTiiy-ete, h7*-*^tyf (4 7 A, 

4 7 b) /z>fhiB!m*ica<5^r9^wi oaffi^aig 

[0 0 6 8] ^^/N^-r — i/4 3A^f^/», R 
(Diss v ©jfeaat^fejftStT^Sp W2 

tt, SKffif^coafrftOJtSp-C^ai/N^^ — 3 A, 4 
3BJ;H /Wfl<B»»*^— s-*3 1 a* «fc 19 ^jSK 

5-^«<, »®J * ^ ~ 9 ±&&W)T Z><D\* 

[0 0 6 9] ±8a^>*tt^ffi"Ctt, g!ll-:fcV> 

X\ U^/U*^ — ^RSTCOatb^^ — ^3 3&tf 

£7±fc£#$Jh/rv>*aS, fti^^3 3MUf 

^Ydbtf-r 2^r^u— a*--^;*^ 2_hict$m 

* ftSS'Jo = 9 A ic: «t o T3t»i- 5 «fc 5 J- LT J: v \ 
[0 0 7 0] ±|2^HJSO^ffiOU^^/VX-Z 
ttrF#ft3 5 0BU©jSH»©W«U:o*H5Sr#l!BUrift 

tt««oW#*f*Ur-t(D»JBttW ID 5 

(A) te#«oK«£^'1- J FffilIk i5 (B) HH5 
(A) «r-Y*«Ifc*ft:— ««r«94CV^«fflH"e* 

19, H5 (A) , (B) Kl*5l^C. ^3 ICO 

flotett±tf &tuTt>6. *m<n\s^t jvK-zW^WIfr 
35AJ1 HR9HK£tt«l 3±tBB*ht 3 
ffi 7 0 a - 7 0 c Srj^om/D 

^70t d03t**^o 7 0^@3£StuT2ffl 
©R»B (Xter—^xyV y*m 7ia, 7ib£r 

7 1 <fc, Z<Dyt^%k7v2 v $ 7 1 |C 
H^^H^Kfl^y XAS<^2fiORSt«fc7 2, 7 3£ 



*r«5tT^s 0 m^py^7 0, 7 1 

f*. u^yw**r— ^^p-^ 7 OH P 7 a \ZM iffiStl/T 

7 2 11 »»*^»PL<O{R|Jffi<0X*l<0#flH«6 5XCO 

[0 0 7 1 ] *«!:*SV^, X-Zte*fcfflgfl6 6A^b 

-AttSl OEM"® 7 0 a "C+Z*|RjldJf *) bttfc 
«U »2<Dffl»E4tffi7 o bTft$Jtr-ALB 1 (Sifi 

tr-A) i:#itr-ALRi (Eltir-A) £\£&mz 

- X Jjfa ItZKM £ tlX&®)m 64AC0+X^|r] (D&lftm 

icmxmmzAftt'tZo »mm6 4 A-zgjttistiitWrm 

®70c-70a £fiTX-Z*Mfettitt6 6A«1 
Ei*ffi7 0 b3&»b-X*rtHCK»4*LT<MB«6 5 XO 

+ X#faoE»BKt*ff^ilttcA*ru #JB«B6 5 XT* 

BMztitcmmv— alr i«, A«^^i5^afro3tK 

^c^ot^M7 0b, 7 0a £r$I"Cft$ , J fcf — A L B 

»»^f 3 1 (D$lft 6 4 A©X*^ (#7fe£# 

[0 0 7 2] — X-Ztt^M6 6 Ad^feitW *tt 
fc4|(Ol/- iFf— ^^tSl O^SMffi7 0 a & 
^Ufc^2—^4C0U~if If— AJi, tf— A^/^y 
^® 7 1 aT+Z^lRj(ClRj^5 3 $6tf>fH-$|!J tf — A L B 2 
~LB4 (RittT— A) -X^fpJlC1^0^^iitf3 
tt©#Itr-ALR2-LR4 GSillf— A) (C^#J 
^^5o -?rO 3 $&CDfH"$Jfcf — A LB2~LB4I1 KM 

M7 i b-e-x*iRjicK»Stt-cRlt»7 3-c+z^rp] 
\zR%t£tix&mm.6 4A<D&m<DBi&m amzmc 
mw.xhz>) \az&mmz*Mi-z>o us (a) tc^-r 

3Wcr>fh»Jtr— ALB 2-LB 4 fi, 3^^f^ 

5 0 »»^^— ^»-&9 tCf^ % f+SJb*— ALB 2-L 
B4^ai-r^c*!)0^]«9^^§P9 b^tj-^ttTV^o # 
®b^6 4 ATRWSftfcfrWfcT— ALB 2-LB 4fi, 
AJ»«P^«l^i»C0*B*fc^oXKlt«7 3 % ^!MSp7 
lb, 71a, 7 0 a X - Z tt^tUSB 6 6 A*<D 

[0 0 7 3] ^t-A^/y ^^B7 1 a £jg 

ifi 3 m<D&m bf — ALR2^LR4(i % SM« 7 2 

0$l*z«fcSircifc3) J-««SiStcAJH-r-5. #l« 
b*— ALR2 — LR4cO{fl:©gi^H (g| 5 (A) O^a'J 
^-ALB2~LB4 0ffifiB8«i:HtR-e*>*. #^ 
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6 5 X'Vlxftt&tlfc&ffl — AL R 2^LR4 AM 

mkm2m<Dft9&&ttz^xfctom,7 2, ^t>*tr— 

y 1 a SrST-ttb^fixW-Mtf— ALB 2— L 

—^3 1 <D&W)m,6 4<DZjjfa<DtiLU (Xtt*ttAX2f 

[0 0 7 4] rcD«t pjc^Jcou^^^x-Zto^F^f+ 
3 5 Ate, »»jt6 4AOiiEffi4rtftffi»fti:-r<5r ^Jj: 

^A-R) OX^fo^&B, &{/3/£^OZ;frftO#@ 

[0 0 7 5] 4*5, _blB^ffi»ffi-Ctete®bS!BS«'&8A 

r £ PLt (DmmRxfmfcft zmfevtmcm 

&-fz>h<nkvtz&, mmmmmi$8 a- 8 ccoft^t? 

/HF8*f+ (3 5, 6 3YA, 6 3YB) TM&ffl £*l&«£ 

^—^^■fer^f- (4 7A, 4 7B) <Dttffl«*£U:*<5 
£\ ^;VR SMf S P L i offi^ttlHffi (N 
W&t^IsHE) co^ffct£&®LT£D5?^Wl, W2 

ap*>»>^N±-e(o»*3t i Lofli*t«« >ift<o 

X-I^^^n^T-— ^4 3 A, 4 3 B<7>ffttSf££IEtb1-;ft 

[0 0 7 6] u?-?;uR&mm'fZ>bZ\*, ffl 

Kj^-T — v>3 SfcttLTflMft:*^ — S>3 1 X;frft, 
Y^JrK &VZttlsll9<OlHie*rRl^3 S&ffitCAD&T, 

^ttl/f^^R^Z^, XW^T^Y$d)(H]l9 OlH]^ 

*.tfjS:K***PLO/h4< Hio^i^M 
-TZZkX, ««***PL<0«tk»tt OK^fcif) & 

[0 0 7 7] ±&mmMmv\*^*^**r—v 



YA, 6 3YBTftWt6t>^tUc^ x _ Z zp^ 
3 5 icxm 1 O If tT— A £ spfif^OY^rpJlCgff 36W 

Knmiofo'Ci^4i\ 3 fete, ±|EHJ6«» 
-CttYtt^tfe 3 YA, 6 3 YB<D#U— - »f tf— Art* 
ISt$tl5M^f-^3 1^it6 2YA, 6 2Y 
BSr=i— f-*=.-7mk bit**, EUtiW&W-mkft* 

*SS® (Mm SrftffiiDILTKitfflt LTfcJ:V>. :^ 
i:^, Yif^t6 3YA, 6 3 Y B <D tf fcT— AcD 

[0 0 7 8] ±E**»»-Cr±X-Z^P«fW-3 
5<d£-u- if fcf— A£Ktt-f-£^»riK6 4 £r, 
-Z?3 1 £teSU#£ LT-£cDfliJ®£±® (XteT®) £ 
<z>2ffi*K*ffl£ Lfcd*, ISIb*x~^3 l<OY#fafc 
*ttf5«ffi (ffllffi) k±.fc (XteTffi) k&^th^tim 

mtiai>x&Hffik~rz>-ftmk urt>j:v\ ± 

IBUJS^ffi-C^X-Z^tfS 5lCT^gfa^^-^3 1 
COZ^fRjOffiSRZ tXtt.RT^YttlHl^OlHKKftR 0 
X, R0YS:ttait5bOibt^ «iffY«ff»tl- 
6 3YA, 6 3 YB^)-*^©U-f ^AirWr^ 
o Z jrgfSMPH^Wnitufe 1 *fi<o tf tf- A frip 
^TX$6lH]f9<DlHlte^ (l^y^^^*) R0X£ft-SiJpT 
i^: U X-Z^tfS S^fcMSSl^T 1 -- ^3 KDZjj 
fa<DtiLm&2&(DfrXVrmi>X* ZjffatD&mRZkY 
ibM*)V>lB\fcfiR 0 Y t><fcv\, 
[0 0 7 9] ilB^^ffi-Cfi^^^v 1 -^ 

tt^-xsfrtb&mL-xmm^xhz.^ «^.tf. 

KS-&-e^^^<-^4 2^rife®LT 1 bJ:<, r 

mnwmxt*2.m<DT7'{ * isy^wa e a, 4 6b 

X hi?>"*f £r 1 WD^hk L N r^l^acoT^-f^ 
V hir^if^SK^SP L ^<DPBt?2o©i>3i^^T- 

[oo8o] 4*5, ±&<nnM<oMm<DR&titft&m 
«a5p°D^e>4^ u^^/^t 1 — ^^m^^T 1 — i^^s 
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6^^^-C#So ft*>\ -t^B^KiaoMJetttflSXO 5 
[0 0 8 1] Ml-, ±IBco^JSco?gflg<DS»R*^BSr 

?toT ^ ;vo/^ * — £ x/n tc® y 
SMfrfVW ^«l3tfflO«3tS6tt^l»**n5 - 1 ft < > 

tffl^83tsi^, wmhp (ccd« % 

[0 0 8 3] #3£^t2:, 

* 5 ftjfea£«***<o»»«3t36iao^.ft fe 

t?ttft<. *^*xr43t***ftife*>J:v^L, EUV 
^j»ft^"Ct J:v> 0 

[0 0 8 4] rtl?)^ r^xyN^f-^W 
z^v 1 — y*^pi®j^x— ^ (^it)*^ — v>3 1) tt, 

^tt, iiiaco^lfteco^OJ: 5K:*M K*rR»ftvvtf-< 

[0 0 8 5] 3:7c, r>zn/^^-r — i/, ^tal^^A'.*? 1 

tSEAtt, *tt«ett«^«*H«rfflF(USP) ^5, 528, 11 
8 -J§\ XttMfcHflfffftJSP) ®6, 020, 710 -*§■ (1^W8- 
3 3 0 2 2% v i) (C^^tLT^SJ; 5^ ^U-A 



[0 0 8 6] 

^TJ&2 4*H* (&«) <z>«3te# M^^^^^S 
C^tSriir, a*^^«B^^2^«c^R3t®i: 

[0087] ^f-^si^pMiias 

JS**»te»LfcJiMIBO^/M * ^rilt?^ So 
I^SJ^lH^fti&W] 

im2] (A) ttH 1 ou-^/w*^— 
BBk (B) V&H2 (A) «p«rfllO^:v^jEffiB|-C 

[E]3] (A) te(H2 (A) (DUf^^T-^ 
SfflfciFl-spffiEk (B) teEl 3 (A) Sr-Y^fitdJL 

[El 4] tw»»^^^7- S^o$!l#p 

[Ei 5] (a) \^^m(omi&<omm(om<om<o^ 
? jv*^—i?3h <D^n ^-r^-mm, (b) nms 

(A) ^-Y^^fe— »^9JfJ^V^«ffiE|-T?*) 

So 

»3t**, WST'^x/n^t-^ Wl, W2-!) 
8 (8A-8C) -ffi»SlBSfi^, 9 •••»»;* 7 1 - 

1 o-«B»S!ISJR*, ll-JW»»»», 
13"«^^ 3 1-ai^7»^ 3 2-Uf 
^/UYi^^ 3 3-"fi$J*X — v^, 35 t 35 

5 5-Y«y-7^, 5 8X-X#7^fa 
31—^, 5 8YA, 5 8YB-Yi7^fax^ % 6 
4, 6 4A-#»»L 6 5X-#I«, 6 6, 6 6 A- 
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[U4] 



[H5] 




